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Glossary for chapter 1 (Exploring Life) 
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Biology Is The Science Of Life In All Its 
Living Forms, Plants, Animals And 
Microorganisms Including Man 


lIiLlIII AJIaa SLaJl SjAlia jA SUaJ) 

(jLuJVl CjIViIMIj 


Biology Is The Scientific Study Of Life 


dUskll jA f 


The Term “Biology” Derived From Bios = 
Life And Logos = Science Logos 


: c> jluu “Biology” 

f— 1®- Logos J cr^BioS 


Living Organisms 


** 


Adaptation 


tjMjxIi jlaiil jjJxluiVlj ^ j uaj£Hi 

^ 


Evolution 


(Ju% 4-aIc- jjiaiaJl Jjiail AAo£ jA jjkUl 

U jjajj AjUa 1$j 


Organization 


f UaSH ^ Ljlf> j*ua j«a 


Hierarchy Of Life 




Emergent Properties 


AxuiLUl ufljxj ljLa^ 


Biosphere 


*L«& till (‘LujjII A uLluII Ji — ^ ufcUil 

<j*Ji 1 J* ^ 




Ecosystem 


dUil41 <> aileUaJI JS - fUail 

A m a AJLlaia ^ <jajju 


Community 


♦ * \ * a u ** 

f\±u u* qjloa 


Population 


Lia Lua jjajIJjj jjjal 

A ux a Aj&Lia 


Organ Systems 


fLuac4 (jA uftlUuj dJ-l^-a uflalla j IgJ — AjjJaaJ) Sj^aSH 


Organs 


(jjlll] dJA^-a uflaUaj ^ Jjj — f LuaC’Vl 


Tissues 


A^-iLiulail (jji AC'jaya ^ AJjLa — A^uuVt 


Molecules 


Ujjjilj <> £*au - ljUjJa. 


Organelles 


SjA^a uftilla j Lj|j AjjLuiC' 


Cells 


(jC- f Luju Jjjaia l!iUL£ — 


Living and Nonliving Components 


Aa^Jl jj*J| j Aa^Jl (JjUjLaJl 


Photosynthetic Organisms 


^ *UJ| Js. i , jjliil CiUilSJI 


Producers Are Called And Provide Food 


el&l _£y 


Consumers 


CjUjja^ ^Js> jl CLAjLuI) (jAt uj CjUjI£ ;Cjl£lg 


The Nonliving Components 


A \ \\ j aj^ Aaal jc- Jl ja (jC- fijlaC- AaaJ) jaC- ljU jLdt 

SlaaJl Ajjj via 
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Recycle Chemicals 


ujLjbulil JJ oJj dJl&l 


Necessary For Life 




Move Energy Through The Ecosystem 


tjiull fUUll J5U ASUaJI 


Prokaryotic Cells 


SI jll\ hi iji t£U 


Genetic Material Is Not Surrounded By A 
Nuclear Membrane 


(jjji jk AjjIjjM SjLail 


Simple And Small 


AJaxuu a S 


Bacteria Are Prokaryotic 


SI jll\ b jjjUI 

V «♦ V «»v«» ♦ 


Eukaryotic Cells 


SI al]| A & «a-v 

V ♦♦ ♦» «♦ 


Possess Organelles Separated By Membranes 




Plants, Animals, And Fungi Are Eukaryotic 


SI alii A ^ LjbjiaiJl j ljUI jj^JIj CjljLuil 

V ♦» «♦ V V«» V ♦ 


Nucleus: Contains DNA Surrounded By 
Nuclear Membrane 


^ ial^a Uj ^ JJAJ :SIjj 


Membrane 




DNA Is The Genetic (Hereditary) Material Of 
All Cells 


u^uji jsi ajjIjjIi s-juii > tidi 


A Gene Is A Discrete Unit Of DNA 


U-iSl Sjjaa Sjaj <jc> Sjbc- (jj^Jl 



Order 


AaaJI liUilSU jauJI 


Regulation 


SLaJt 


Growth And Development 




Energy Processing 


AjtiU tgJjjadj Ailialj ljLuuSI — AiUalt a 

(jiajSfl ^LuijLaaj 


Response To The Environment 


Ci\ AjIaIuiV) Sjiii — 4_mli AjIaIujVI 


Reproduction 


gjai jijsi js. i jjUi - >isai 


Evolutionary Adaptation 


£y\SU LxwiUj ji&Sn ljLuu£I — (j jjlalij uh£il) 

Ajjjj X-& 


Domains 


^J\j£ 


The Three Domains (Groups) Of Life 




Bacteria - Prokaryotic, And Most Are 
Unicellular And Microscopic 


J AaliJl S-b^j ^ SjU-j 4 I - bjjSSJl 


Archaea - Like Bacteria, Are Prokaryotic, 
And Most Are Unicellular And Microscopic 


j 4-JaJt oJj^ j (jj& b Sib j 4 SI A-iljl — dibit id] 1 


Eukarya - Are Eukaryotic And Contain A 
Nucleus And Organelles 


ji\ji igj (jl s \jii\ ajSjaa b^bi — st jilt djbiji^i 

dbua& 
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THE PROCESS OF SCIENCE 


AjaIxJ) Ajajjlall 


Discovery Science 


JALuia * ^" 11 - ( j — ^xl\ 

flxl\ Ac- jjHa 


Hypothesis- Based Science 


- (^Jl utf I - ^ULlLjVI) f^a\ jjaVI fk!! 
^kll AjI) AaaIc- 


A Hypothesis 


£a As-ja^a] £>1* j^a£j ^ A^jill 
S^LulaII lA jjjj AlLu6U 


A Theory 


ijjaaii ^ (! ^La i _ r Ak- ^UjIa) <^A AjjMI 
Aa j^XaII AJjVI <ja JjIjjaj jja£ JJaj Xjja 

ljjIaaILi 
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Chapt. 3: The Chemical Basis of Life 






Matter 


La Ji-yiuj (OJj) <U ijMt tj\ SjbP SjLaII 


Matter Is Composed Of Chemical Elements 


4jjLmj£ j.uflUc> Qa SjLaII 


Element 


(*>i .Mja] ,j£^j V oSLa1\ jA) — 


Essential Elements 


(i' ^ '-Mj j-alkil 


Variable Elements 


' At-.4-. l ^ ‘<\ j <— uSjj ^ j^aUc-) ^uaUxS! 

(>■' J\ c> 


Trace Elements 


Aliiua (-auuj (jjllll ^uaUxil 

(IAjjC- £jJ CjUjI£ ^ j! lA.^1 Jflj 


Compound 


A at"' A aU QA JjSI jj (JA ‘ SjLa jA) (— j£ja1| 

I Ajju ua^uuj Jojjjj 


Atom 


(j^ituaaj SjLaII ^ dJL^ j jiutai ^A SjAll 


Proton 




Electron 


(4JUJt Jj^j) £jjjSJVI 


Neutron 


(Wtf* J jUla ) 


Isotopes 


‘ IgJ) V) ujUjjjjjilj ujUjjjSiVI Igjj] jilialil 

CjUjjjjaIII jj& 



Chapt. 3: The Chemical Basis of Life 
SbaJ] 






Hydrogen Bond 


4-mai 4Jaj| jll 


Cohesion 


tiLmbuIl 


Surface Tension 




Hydrogen Bonds Are Responsible For 
Surface Tension 




Chemicals Other Than Water Can 
Contribute H + To A Solution 


£jj! d J^) Qfouu* 


They Are Called Acids 


LJaLa^i CjLjLaj&il ^auu 


An Example Is Hydrochloric Acid (Hcl) 


(ilij Jli« 


This Is The Acid In Your Stomach That 
Aids In Digestion 


i jls- JC-Lujj j SjxaH J ija. (jdO. a\ a 11 jA lift 


An Acidic Solution Has A Higher 
Concentration Of H + Than OH - 


JjSjj (> Jfri ( H + ) 

(OH") 


A Ph Scale (Ph = Potential Of Hydrogen) Is 
Used To Describe Whether A Solution Is 
Acidic Or Basic 


U uiuajl Jf^l) pH U-&! 

jj JjKall |j| 



Chapt. 3: The Chemical Basis of Life 
SUaii ‘LuLmj&II 






One Isotope Of Carbon Has 8 Neutrons 
Instead Of 6 (Written 14 C) 


14 C 6 (> (IjUjjjjjU 8 <4 J 2*,! 


An Ion Is An Atom Or Molecule With An 
Electrical Charge Resulting From Gain Or 
Loss Of Electrons 


j) kizJu 42 j! Sjj OjjSH 


When An Electron Is Lost, A Positive 
Charge Results; When One Is Gained, A 
Negative Charge Results 


4 \Wa ai 4 1^*1 Lulu 4jLuu£) 4u^^4 4 Luuj 


Two Ions With Opposite Charges Attract 
Each Other 


jaVI Ia&^S (jllui^buA ^jlHa-ui Ia^J ujJaj 


When The Attraction Holds The Ions 
Together, It Is Called An Ionic Bond 


^ic- Jjilaj 4_jli ^LLujLaHa tbbjjVI Jxaj LaA4& 


A Covalent Bond Results When Atoms 
Share Outer-Shell Electrons 


jIjuII ujUjjjLJt tiljluu La-bc- Aj^Lwuil 4iaj|jil Luuj 


A Molecule Is Formed When Atoms Are 
Held Together By Covalent Bonds 


Lj) jj .kwl jj tiLuUu ULa. JaJl OjSjj 

Luu 


Biological Molecules 


(bLujUl 


Inorganic 




Organic 


<b 


o 



Chapt. 3: The Chemical Basis of Life 

SLxlI AojLfajJLl! 






Sulfur And Nitrous Oxides React With 
Water In The Air To Form Acids 


fLdl jjjluit JoujISI J&Ujj 


These Fall To Earth As Acid Precipitation, 
Which Is Rain, Snow, Or Fog With A Ph 
Lower Than 5.6 


jUxaS?) qa AaJxax uUw jj£ (jijSfl (jlaLaxSM dlft 1 xi£j 

5.6 6* J&i a hW 


Greenhouse” Effect And Alters Ocean 
Chemistry 


^sALujj jxJl (jjjjSil qa JjJaJI 4iLua) 

j! jjjUj Luajj cJjju) “j^axSfl Cull” jjjLj ^Uul 

CjUajx^ait f Lfaj£ qa jjx j La£ (Ajxtxj]| 



Chapt. 3: The Molecules Of Cells 






Organic Compounds (Molecules) 




Organic Compounds 


Ajj^axJl Sjj Ig^uiLuil ( _ 5 1I| 


Hydrocarbons 




Carbon Skeleton 


^ J j (jauauu 


Carbon Skeletons Can Be Branched Or 
Unbranched 




Therefore, Different Compounds With The 
Same Molecular Formula Can Be Produced 


(jjiiL A Alia i a CAjZja ^Uj| <jLaj tilill 


These Structures Are Called Isomers 


uUailLi <_u£) oil a 1ft ui j*j 


Functional Group Affects A Biological 
Molecule’s Function In A Characteristic 
Way 


S jjAa Aijjlaj Aijlaj ^ As. j^a-ail jjjj 


Hydrophilic (Water-Loving) 


4j* a ,jj£j <ULlaj Q a! -v a ^ aU 


This Means That They Are Soluble In 
Water, Which Is A Necessary Prerequisite 
For Their Roles In Water-Based Life 


L^AjUsjj fUU (jjjj ** a 1 a |lftj f I aI! ^ tjjjj lift < _ 5 jju 

f I aII c? Ic> $Aajxa]| Ajjj^il 


Hydroxyl Group — Consists Of A Hydrogen 
Bonded To An Oxygen 


Ljjj* (jj^jjJjft <£■ >«a-4 



Chapt. 3: The Molecules Of Cells 






Carbonyl Group — A Carbon Linked By A 
Double Bond To An Oxygen Atom 


AjjUj <Uaj | jj qjli ‘ jj Sjjj J‘^*» a — Jjj ijjjiil A£>j ** a 


Carboxyl Group — Consists Of A Carbon 
Bonded To A Hydroxyl Group And Double- 
Bonded To An Oxygen 


Ac ja^aj (jjjjS (jA ' u — JjiujS ,jjj£ 4&J A 

AjjUj ALjI JJ JflJJJJ j 


Amino Group — Composed Of A Nitrogen 
Bonded To Two Hydrogen Atoms And A 
Carbon Skeleton 


iaj Ija <> Ajj** - 


Phosphate Group — Consists Of A Phosphorus 
Atom Bonded To Four Oxygen Atoms 


CjIj j AaujL Alajjj-a jjk^ujk Sjj — ujliujjS A&jay a 


Biological Molecules 


Ajjj^JI qa LiU^i AxjjI 


Carbohydrates 




Proteins 


CjLLjjjJ) 


Lipids 




Nucleic Acids 




Macromolecules Because Of Their Large Size 




They Are Made From Identical Building 
Blocks Strung Together 


Aljlala AjjLL QA Ajjia ciljJ-ajIjjJL Luajj (jAajU 

6 j3b ALuuLala 



Chapt. 3: The Molecules Of Cells 






The Building Blocks Are Called Monomers 


|Ja3L 0. IL3) J ^AUIJ 


Dehydration Reactions, Which Remove 
Water 




Polymers Are Broken Apart By Hydrolysis, 
The Addition Of Water 


liLuab) St alaJl j\ <Jj|jJAi3jj3l Jajj 


All Biological Reactions Of This Sort Are 
Mediated By Enzymes, Which Speed Up 
Chemical Reactions In Cells 


CjLojjjV' J&uijjj £jS 3| jib (j a (jjUlaadl <j£ 

L£taJl ^ 4jjLl*j& 3| ££tc.ti2ll qa 


Dehydration Reaction 


f UJ! JeliS 


Hydrolysis 


St alaJl jl jjaUI 


Monosaccharides, Such As Glucose And 
Fructose 


JjS j3^3l Jl* j£»ui cjjjjAtj ja (jc- Sjbc. AjJt^V) UjLjLuJI 

jjjSjtilj 


Disaccharide In A Dehydration Reaction 


UjSJ <j3a*j3l Ia^usxaj ubjUl (jljlw lajJjJ O' U^i 

* U3I Jc-tii Lulu 1 >u, 


An Example Is A Glucose Monomer 
Bonding To A Fructose Monomer To Form 
Sucrose, A Common Disaccharide 


0jjH 3 JjSSjiSl jauj^u jjSjlaJi jajjja Jabjjj d 3 j Jlla 

(^jLI <jjUj ji«i) Jjji«t3l 



Chapt. 3: The Molecules Of Cells 






Starch Is A Storage Polysaccharide Composed 
Of Glucose Monomers And Found In Plants 


<jfr Sjbfr Lilil 

C^1\J 


Glycogen Is A Storage Polysaccharide 
Composed Of Glucose, Which Is Hydrolyzed 
By Animals When Glucose Is Needed 


0* JJxiajlui & SjbxjjljjaJl Lilli jj 

jjSjlaJi AaUJI -llfr CiUIjjsJI JKjj 4 JjSjIaJl 


Cellulose Is A Polymer Of Glucose That Forms 
Plant Cell Walls 


CjLjUUl t£LaJl jAa. (4 CP « 


Chitin Is A Polysaccharide Used By Insects 
And Crustaceans To Build An Exoskeleton 


1 ^ Jb f LL] CjI jAaJl A JJxLa jlwi Sjbfr <jjjjlill 

AjAjLaJl 


Lipids Are Water Insoluble (Hydrophobic, Or 
Water Fearing) Compounds That Are 
Important In Energy Storage 


(jk La U (jbj i (*UU 4A jlS) f Ldl (jk i_i ijjj V uUSj^t (jA Cj) Aul^l 

Ail lUall Cxjiu 


They Contain Twice As Much Energy As A 
Polysaccharide 


Sj^uaSI jillutil (jk SjjajaJI AiUall i. flt Ja ^ fr jjaj 


Fats Are Lipids Made From Glycerol And 
Fatty Acids 


^ (cjjjii j Sjbjiij 

AalAJ j 


Unsaturated Fats Because They Have Fewer 


(jja JSS JJP ^ t$JV Aju-ulaI) jj& CjLaSj-aI) diA 


Tlian Tlio TV/T Qvimnin lVninhpr Of WvHmrtoric 


* a AAflLJi 


1 lldll X 11C IVlclAllllillll IN lllll U Cl Ul n j III UgClli? 
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Chapt. 3: The Molecules Of Cells 
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Fats With The Maximum Number Of 
Hydrogens Are Called Saturated Fats 


<jjA -lib ^ JJxJl Ajjja-aJ! <jjA.ll! 

^ J j Cm Lj| JJ l$j V) 


Phospholipids Are Structurally Similar To 
Fats And Are An Important Component Of 
All Cells 


Ujlj jUl qa j ' £ jjA.ll! ujl-lnil) AjLuu 


For Example, They Are A Major Part Of 
Cell Membranes, In Which They Cluster 
Into A Bilayer Of Phospholipids 


i Jl& i AjjliJl p\Jb (jjS-a <_yA Jllal! JjUuj 

AjjjAuiftl! jjAAll qa jjjjaJa 4_uA 


Steroids Are Lipids Composed Of Fused 
Ring Structures 


41^1 Jla AjjjSjj qa 4-1 j£a jjAJ jC> OjUC- (JjtJjjjIuiS?! 


Cholesterol Is An Example Of A Steroid 
That Plays A Significant Role In The 
Structure Of The Cell Membrane 


(_u£jj ^4 UU IjjJ cjaD CjlJjjjlwjU Jlla jA JjjImuIjSJ! 

4oliJt 


In Addition, Cholesterol Is The Compound 
From Which We Synthesize Sex Hormones 


UjU ja jA 4j jUl jA jlS tillil AiUaVb 

Axuu^II 
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Anabolic Steroids Are Synthetic Variants Of 
Testosterone That Can Cause A Buildup Of 
Muscle And Bone Mass 


j a 4jdi*^ 4 Aj]jj j£> Sjbc- ^tnlt CjlJjjjiui 

AioiaaJtj 


Protein Is A Polymer Built From Various 


(> 20 Cm <> CP h^P Cmjj£ 


Combinations Of 20 Amino Acid Monomers 


4Wtf 1 <jiUa&! 



Glossary for chapter 4 (cell and tissues) 







Cells: the simplest collection of matter that 
can live. 


A Jajudjl 


Cell theory: all living things are composed 
of cells and that all cells come from other 
cells. 


J j i LpLk (j-o J: Ajjiaj 

b!>UJl 


Light microscope (LM): Light passes 
through a specimen then through glass lenses 
into the viewer’s eye. 


(jjc. 1 ^ j diLoi^xll 


Resolution: the ability to distinguish 
between small structures. 




Electron microscope (EM): a very powerful 
microscope used to see very small structures. 


W 


Prokaryotic cells: cells that have no true 
organelles and no nucleus. 


ji CjLu^ -SI jU\ hi Iji L&L 

Sljj Jfr Vj 


Eukaryotic cells :cells that have true 
organelles and true nucleus. 


J 4 '0'0-v <.•* it n>>& b^Lk ^ <Q 'Q-X. 

^gic. LjaJ <_£ jia*j 


Selective permeability: controlling the 
movement of molecules into and out of the 
cell 


JI J ,> a£j^ r <'-'l :AjjUkuaVI filial 

A 

• »♦ 
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Phospholipid bilayer: a double layer of 
phosphorated lipids (fats). 




Nuclear envelope: double membrane with 
pores that allow material to flow in and out 
of the nucleus. 


. 


Endoplasmic reticulum: to a network of 
cellular membranes. 


4_lui£>V1 &A A£^ui ALpA\ 


Ribosomes: are involved in the cell’s protein 
synthesis. 




Vesicles 




Golgi apparatus: functions in conjunction 
with the ER by modifying products of the 
ER. 


Aaaj$ajA?2\ A<aja1\ £a dljluiVb <J^xj 

4£±uA\ iliLaJiLa A ^S* 


Lysosome: a membranous sac containing 
digestive enzymes. 


CjUjJjj ^ iUic- (jjuZ p Sjbc-r^LfSi 

Ajul bUt 


Vacuoles: membranous sacs that are found in 
a variety of cells and possess an assortment 
of functions. 


A^Uic- oJM p 

As* jjaa cijQaj IgJj qa A Alla. * 
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Mitochondria: the organelle responsible for 
cellular respiration. 




Chloroplasts: the photosynthesizing 
organelles of plants. 


.CjUI! 


Photosynthesis: the conversion of light 
energy to chemical energy of sugar 
molecules. 


J\ AS Ual! jA f UA\ 

ifLuall dltii A_ul_U-l£ 

• v * o *♦ ** ** 


Cytoskeleton: a network of protein fibers, 
that functions in cell structural support and 
motility. 


aJ j A_iijj (— flUlVl jSjg It 

.A-jj^'Stt Ajj^lt ^ C (Jib 


Microfilaments :(actin filaments) support 
the cell’s shape and are involved in motility. 


(JiLui ^ C. (J-asu j ( (jjl&Vl -la JflJJ^lt 

A-iibll 


Intermediate filaments: reinforce cell shape 
and anchor organelles. 


dmj j A J-slt (J£b f&Si j j jsu ;Aia* tijlal) jajj^lt 

CLltliJaxSt 
• ** 


Microtubules: (made of tubulin) shape the 
cell and act as tracks for motor protein . 


jjjjall (j* Ax> <Jjt nniSf) 
c** it Lj j^oll (J-oxj j 


Extracellular matrix (ECM): composed of 
strong fibers of collagen, which holds cells 
together and protects the plasma membrane. 


a^jS 

f j£j J La£ lit t g 1 * xi\ a) ^ t<~- (J-oxj 

^.LuaiJl AjI j 
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Integrins: ECM attaches through 
connecting proteins that bind to 
membrane proteins. 


4jjik g jliJI j-dl Wifc* ljI 

/oLujaaII jliJl fiLudadl <■ 1 1 \ '\y j uj .Ljj jj 
♦♦ 


Tight junctions: prevent leakage of 
extracellular fluid across a layer of 
epithelial cells. 


• ♦♦ ♦ V * o* V 


Anchoring junctions: fasten cells 
together into sheet. 


A\ l ^ x Jax < j Ajujj CjVI 

*♦ ♦ ** A * 

4 ^ 4_li& , -Ac 

• ♦♦ ♦♦ 


Gap junctions: are channels that 
allow molecules to flow between 
cells. 


Clil^AS ^jc 0^)LiC •AjjSlUI 


Cell wall: rigid structures that 
protect and provide skeletal support 
that helps keep the plant upright 
against gravity. 


A 4-Ludcl * 

^AcJ l ij^alLa l ^ *LaC.Ajj CIjLuII 

JbJa 

• ♦♦ ♦ ♦ 


Plasmodesmata: cytoplasmic 
threads that serve in communication 
between cells. 


(^Jc. (_U*J 5-l« 

.W5U1I u* 
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Glossary for chapter 5 (tissues) 







Skeletal muscle: causes voluntary 
movements. 


^ AUaxl) 


Cardiac muscle: pumps blood. 




Smooth muscle: moves walls of internal 
organs, such as the intestines. 


Jla Ad±\d\ flJapSn jJ* djau Iflulal) A±±*l\ 


Neurons: carry signals by conducting 
electrical impulses. 


jjj ljIjLujVI ;4 j 


Dermal tissue : Outer protective covering. 




Vascular tissue: Support and long-distance 
transport. 




Ground tissue: Bulk of the plant body that 
functions as food production, storage, 
support. 


^jjy j ^ax ^ jLuu ^Lubil 

. Jjjaaljj p\xlal\ 


Epidermis: Layer of tightly packed cells. 


L^Lkil £ja Alda 


Cuticle: Waxy layer on top of epidermis 
reduces water loss. 


.f Lbl (jji JJ&j $ jdd\ A^xalu AldaiA. a^Sf) 


Eudicot stem 


(jxllil] Ljljj JjLui 







Mesophyll :Leaf ground tissue. 


Ajji\ 


Middle lamella: A sticky layer lies between 
adjacent plant cells. 


.SjjUaI i 


Lignin :the main component of wood. 




Fibers: long and thin, arranged in 
bundles. 


. ^ Aiijj 4ljla :ciLiSn 


Sclereids: shorter than fibers, present in 
nut shells and pear tissue. 


A^l\j JjaJI 


Xylem : Chains of tracheids and vessel 
elements form tubes that make up the 
vascular tissue. 


LujUI AojIc- L jLaualil JLuu 


Phloem: Chains of sieve tube members, 
separated by porous sieve plates, form the 
vascular tissue. 


(jC- l^-uaxj (— sjjUVI 4iuiiujj f Lail) 

.^Ic- j\\ AjILjC- A Ssa a (jiaxj 


Meristematic cells: small, thin- walled, 
frequently cubical, densely packed with 
protoplasm, and capable of producing new 
cells by cell-division. 


♦ v v ♦ ♦♦ v v«r «* • «»v «♦ 

SjJiil LfS J 4 ^ 4JlLui J 4 A^ iaIa U 

Jjjla t£U £lD) 








Diffusion: is a process in which particles 
spread out evenly in an available space 


(j jLuiillj £ j±ut Ajl i1a& jA jLuojV) 

^\1a 


Selectively permeability: allow some 
substances to cross or be transported 
more easily than others 


jjja *U amij tilij j A-dJal kjl\ jlilil 

lA jjC- SLiaS Jl Jij j 


Concentration gradient: from high 
concentration to low concentration 


JLLLa ^1) jlalla (> 


Passive transport: is the Diffusion across 
a cell membrane without energy 


(jjdj f Lie- jLuajVI jA (a5 jluJt JIaSjVI 


Active transport: a mechanism for 
moving a solute against its concentration 
gradient it requires the expenditure of 
energy in the form of ATP. 


Jji. »U3 |_pSc. ulUl 4jjaa! LJull J&ll 

.ATP -11 AiUall Jill dli jrtfaj JjSjjII 


Osmosis: the Water movement across 
membranes in response to solute 
concentration inside and outside of the 
cell down the concentration gradient. 


joSjo] Ajjic-Sn jjc- f.uij <^a Ajjjuu-Sn 


Tonicity: is a term that describes the 
ability of a solution to cause a cell to gain 
or lose water 


fUi UiJi 




Osmoregulation: is the ability of 
organisms to maintain water balance 
within their cells 



Facilitated diffusion: a type of passive 
transport that does not require energy 



Exocytosis: is used to export bulky 
molecules out of the cell 



Endocytosis: is used to import 
substances useful to the livelihood of the 
cell 



Phagocytosis: engulfment of a particle 
by wrapping cell membrane around it, 
forming a vacuole 



Pinocytosis: the same as phagocytosis 
except that fluids are taken into small 
vesicles 



Cells: small units, a chemical factory, 
housing thousands of chemical reactions 



Energy: is the capacity to do work and 



cause change 



gtthrtAlt LjLj&J 

(jl ttj (j jd 4 j ^11 jjaujSH ^ '1 

Jib IgJIjj) Je kiaJl CjUI joaJI 

UL&l 






CjUjJaJl jjjAyflSl 4JI J jtti 



AjmaaI A*£\j Jj Aall jllil 

uL\ Jib ^iiii 



AjjJaJl ^ jllll 



(jl V) A-4*L1I (Ja&j djbp (j jilSl ujjAII 
Sjjlua ja. ^ ikjj ^ 



A SI A AjIIaJ (jk djJua b^llit 

A u\ »^»<^ ciV I A-uai^J A iit uiS 



Jjjii (i|Ja.V JLi J-C. ^ SjJAll gjA AiUaJI 







Metabolic pathway: is a series of chemical 
reactions that either break down a complex 
molecule or build up a complex molecule 


(jA Alutlu) (jC’ SjtjC- jLulaII 

ji Uj 


Energy coupling: it is the use of exergonic 
processes (energy releaser) to drive an 
endergonic one (energy receiver) 


ailLU jl ij\ 

AiUaJt 


ATP( adenosine triphosphate): the energy 
currency of cells and it is the immediate 
source of energy that powers most forms of 
cellular work 


>(ATP ) tl CiU«ja J2& 

AlUalt ji*a* j* ATP J ASUaH 

tfjiiil Ji-ilt Jliii (JixA Jjjj ill 

iimu 

♦ 


Active site: where the enzyme interacts 
with the enzyme’s substrate 


JC'Ujj du* AJaJlu Aik' -a 

Aj (j-atiJl 


Cofactors: inorganic enzymes helpers 


Sj&Luia Aj jjC- Aidjj^Ij 

CjUjjj^U 


Coenzymes: organic enzymes helpers 


dJC’Luja AjjJa& LjUjj^ ^ (JjLajJjVi Ljli^ljj 

cjbuj£U 


Competitive inhibitors: inhibits enzymes 
because they compete for the enzyme’s 
active site and thus block substrates from 
entering the active site 









Non competitive inhibitors: bind somewhere 
else and change the shape of the enzyme so that 
the substrate will no longer fit the active site 


UjllajiLftil oifc Jajjjj A u HI) yt> UjUaAal) 

♦ ♦ v «♦ ♦ 

AlLui djjfc* C)A jL\ 


Feedback inhibition: a mechanism where the 
product of a metabolic pathway can serve as an 
inhibitor of one enzyme in the pathway 


jlubd J-4XJ ClA 4_jJV) kjjill J 

jLulaI) (ilij (jk CjLajJjV) Ifljl 


Cellular respiration: an exergonic process that 
transfers energy from the bonds in glucose to 
ATP 


AiUall jja-a Jfi'lij A QJikl il\ 

-Mjj ^ AiUaii jjaj 

" ATP J JAM 


Kilocalorie (kcal): the quantity of heat required 
to raise the temperature of 1 kilogram (kg) of 
water by 1°C 


f Uii &A 1 Sjl ja. 4a jJ 4jjIkAlj 

(f° 1) 4 j>u 4a jA 


Dehydrogenase: the enzyme that removes 
hydrogen from an organic molecule 


<> Jjjj <^1 


NAD + (nicotinamide adenine dinucleotide): a 
shuttle for electrons 


4“' u#^' NAD+ 

CiU J5U 


Glycolysis 


JjSjLJI 


The citric acid cycle 


(jAalA Sjj4 


Oxidative phosphorylation an enzymatic 
process in cell metabolism that synthesizes ATP 
from ADP 


(jiaji *lui <Ulo& 

ADP <> ATP ySli 4ulLJ| 



Fermentation: an anaerobic (without 
oxygen) energy-generating process 



AaIaJI (jjJ) LjjI V AiUaij lA jj A jA ul\ 

(d&^M 



Lactic acid fermentation: oxidizing of 
NADH by muscle cells and bacteria 



(j^ajuj 4uluax!j (jlxaUbl 

nadh j| ^ ausl 



Yeasts: single-celled fungi that not only 
can use respiration for energy but can 
ferment under anaerobic conditions 



Ifjj ^ \ i AuiaJl Slivj bAjjlafi ^ 

AiUall (Ut >) o-Ajalb fUJI 

Ufljjlaij Ubau AJ^xj fbUl (Vjic- SjiS 

AjjIjA^U) 



Autotrophs: living things that are able to 
make their own food without using 
organic molecules derived from any other 
living thing 



£o!l£j (jlc- SjJli Aa^ CjUjI£ ^^A AjJjuII Ajj) 3 ljUjIH) 

(j I (j-® SAaLuw Ajj^saC- CjUjjAi <jjJ IgJ) 

jll ^ 



Photoautotrophs: the use of energy of 
light to produce organic molecules by 
Autotrophs 



ljUj f j-ualj AiUa A-uj^uaJl Aj-iiall 

Ajj) j ljI nKflj AjjjJaC' 



Chloroplasts: organelles consisting of 
photosynthetic pigments, enzymes, and 
other molecules grouped together in 
membranes 



LjUb-ud (j^a LjbuaC- ^A flj. bJl 

As-jutxa ^ jll LjUS jjij UjbuJjjj AJjIa 



Chlorophyll: an important light 
absorbing pigment in chloroplasts, is 



<_ji (j-aLuobV A-aU Axxua Jjfl 

(jC- AJ j f 



Biodiversity 





uijjju 


Domain 


(JjUAjAaj bj n<l ill j LjLujJolj ;AuaJ| uliULilSJl ^jluta ^S> jC- Jajjj 4£l a *1\ Jjji Au2u1l£j Aid 


Kingdom 


Jxj bluui jj£Vi <UL1^A\ AjAJI ;A^ba 


Phylum PL Phyla 


.ubi jlai A^jailA AaioludJ Aid n.di £aa2) j A_jud 


Class 


.AjjluJI lL^j j Ajjjil JjjS Aid ^ j tAjjUld) Ag jldnaM ^iaVi *AliUa 


Order 


.Alu^ill jkjj Alillalj <— i2ju jA j Ajj1^1a]| A g jl dnali JjL^il] a Vi ;Ajjj 


Family 


.U“*^ JjjS J AjjjII cbAj ^22 AJ3 ^ j A^LulLa!) AjjU1a]| •AJjIC' 


Genus PL Genera 


(o-Ua) £-4aJI) 0-4 

Aj^uoalj ^llaj ^ £xb jA U£ <>» uflja. Jjb l$2 Jajjj Jlbu ^ jo«w» Jjfl Ajiju/Vi Aifl 





uLjju 


Species Pl. Species 


AaLlllj j 4^jLutLa AjajjJuj l!iILu2 aJtjSl tilllaj 4a^J| ljUjIHI qa qaa £ jl W j 

<> fA jjp Jljat g-a V <*4^ ^ 


Evolution 


U jiAj ist £jS]t J^-3 SjSai ill (jljSl) jjlc SLaJI ilJja. <^311 CiljjijJI JS ;jjki 

. JbJl Uj~2£. ^ 


Evolutionary Species 
Concept 


jjiaj l.ba 

uhj*j Jluu £laj 4ai a]| jIjjSHj Ajjjkil) <-AuuSH L)' 


Bacteria 


jA >V1 fibdl <$l 4a] jj cmsl\ 


Bacterium PL 
Bacteria 


(^A>> - fJ4») 

^ <As' £y^ 


Archaea 


. j^VI ^]l*]j bja&J) Jlaj duA St^t LjUijj labilij 


Endospore 


4o&b 4-ajjjAi 

A_Lujli t_i jJaJ a ij <-'< s\\ A A^W / Uajjuj La^jp najj tiLaiuj lj! j 4_ajUla 4a 


Prokaryotic Cell 


Si ^1 4a] ji 4jIa 

Iga 4^jj V La£ c(f Ldc- l^a ja^aaV 4jjIjj]1 SjLa]|| ftuJu 4 h\it a Sl^j J j^j] jUL la^laJl <ja 

.USjVlj bjoSo]) < _ r a]l^ ^ ia&£ 4 ^jj j 4aJ&la 4 4 li a cabbaC- 







Eukaryote 


j <bl^Jt St jjj lilx A UJj A-Lukb A ilk a CAjuSoG’ db!^ <_$ jIaj <jjI£ 


Opportunistic 

Species 


js&j ^aJt Sjji^a jSoa ^ 

.J^a-4 jjC- £Sb 


Anaerobic 


L)J>' AjSn v ^laC- jt 4-UJ ji ^ Aj*jj Oj>J* "<£U J^Vt ^tjAV 

.tgj UUj ^iit 


Aerobic 


^Hau Ajjii AJ^C- jt 4-UJ ji ^ ^t ^^k £!>Ua*-aVt Ai*i3 csjixj ^tjA 


Chlorophyll 


( JJ^ 

(jk Sj-uiLla Jt tiljLub (UjbLuit ^ f tj^iaaJt ut Jjlui^blt Jib dJ f tj»uaii AjLu^a 

.Aoib^uS AiUa ^t Aj^abult A^Uait JjjauJ ^ Jjj Iaa f jbalt b£klij 


Photosynthesis 


c^J^a flL 

AjjJaC- bjb£j^> j| jjSjkJt ^ OjSau Aojb^ AiUa ^1 A-bj^t 4<&Uait Jjjaj A^L&. 

.St^Iit (bbijt (j^ajuj c-iilaJaitj CibUl ^ (j jit 







Binary Fission 


(jlkAil) fUti) 

ljUIj) J 1a Sjjxj ljUjIH) AjjJIp Aj ^ IV t (ja £ jj 

Six) j A\uii 4 Autfjla Aj^L AaIx cdt ja!\ AjSjAx j Sljill 


Symbiosis 


AAAjla 

«* 

.jAIia JL-xib (JaxA\ UfJaxj £* Obiaj Aibte 


Bioremediation 


4 . j 4 vn*4 

«*v«» ♦ 

Aox CjUjI£ Alxuit jj ljIj ^1a]| jxui^jj JjW*i 


Protist 


cA$l (14* 

Ijiafl ji cUljax jl tbbj o^l jAj SIjaJ) <j££x 


Alga PI. Algae 


/-j xual) filial AaIaju ajSj LjULuib A^_llui CiLuI-Ij t JlxJa *-axJ| — 1 ilxia 


Multicellular 


b^lxij JJjlIa (jib 


Parasite 


.Aox JjIjC- ^Lutx) Jjj JdUl (j^J ullLbLbl AJ <jjl£ 


Predator 


,^jx) Aox CjUjIS ^ (s* 





uLjju 


Phytoplankton 


.fLaJl f j-uail 4 a a Aajg y a CjUjI£ jAaabu JjlljC' 


Vascular Plants 


A_ul£- j Cabby 

Calaj) j^l\ l-iC- Laa£ AaaA^I) j£ (JA (jjSujj tAuilc-j Aa-uu) Ca) C Cabby 


Rhizoid 


( Ay_Ua 

yVA ♦ J V ♦ 

# A_jjlC' ljUUHIj CabjLijl ^ j.laJb A^aabu Aaala A_ua 


Seed 


,£aia Jib (jjia f £a Ja^a o- 4 <-*!>• Aajalt Cabbull ^k q\j& 


Gymnosperm 


jj1A\ Aajlc- 


Angiosperm 


.(jLaa-aib uijau Aja^a AijC- Jib IjjAj £uJu Aa jAj Cabbj jjLli CabaatS 


Mycelium 


. jifliil ^ AajLiil Ljaill ^ Aiaaiil Ac- jilbj Aiuail ; ^ jL$ jj£ 


Filament 


jUall 1>U (2) .U5UJI (> (1) :%»■ 


Mycorrhizae 


. jlaflj ^Lu ji* Jjj (AaLlja) AalatSa ASjbia 


Hypha 


. jLill j>aa j£ jiaaa Lai 






uLjXJ 


Chytrid 


S-bjoS 

.Cl UjSflj ubjiaiit (jjj AJnb-a AjjjL u Aiajjj jA j ^Ja j«uj jjla Aj jlad 


Invertebrate 


.AjjljjaJI gjjftM (> %95 bAjjtabUi Jibjj ‘Lj^ bjac- <iilbj V £tjna. 


Vertebrate 


uftit jlalij Ujbjbtjdltj uinljjJI j jjjlaijj bibjJali Ailajj ^ jlld JjaC- AJ (>r La . 

.dUuiSf) (> AilLLJI 


Bud 


Aoaaj U bile- j (AlkUbj A^Jlb Sjjnaj) AJjSH JijjVl Jauu JiLu £jd (1) 

C^! H (2) 4jaC-jj 

Aj^L Aaln Ajjlaiil AaliJI <> jjjj <bd jjka >U£J) ^ (3) AjAa Ajd 

,lg_i Ajh^oia ji A_i ijjVI Aulnll Ad 


Buding 


tL^jla (JLli ji S>Vu *i4 ljSH (j-« < _ 5 ajIa jnj JLuuj un jjlboll A u <iW j-iC- Alxui j 

,£uiij Jlbbl Ci\ j cbljnxlui^ Aal^aJI (jk JLuujI A_i 


Asexual 

Reproduction 


V 

fbAftl jl fC'jjSJI ^JJ AjjA £la lAnlj Li Jaulj jjISSJI (> 

.L&A' l^! cL^ 6^ j' AalaJ 





uLjju 


Sexual 

Reproduction 


(ii) JJ / J«jUj) jjISj 

<> AjjjjaJI (> dJjjS Mijijj t$j 4 jjJ (jjjjSfi Ajfl jjISU) <> 

^ (UjlkiAlA) ^LL>i 


Exoskeleton 


JliA 

JajV) LjLiuai-A j 

.Lj^Luaxil jLuflj) Jallj j 4 _jIaa2I 


Arthropod 


J*jSn 

(jjj ijLa 4 J| Aj1u^L« ^Iua) j JajI j UajIa tiHlaj AjjllflV CjUIjja 

( J3& <> 


Insect 


*• ♦* 

j j (joiijJj if. \j^\ A^mLa \ g a \,* i J^jVt 4_hUa 

Js> jJlS l^-ua*jj dlLb ^531 6J^j3j bibjlj&hUI ^A j t 


Arachnids 


liLuSidt 

.^3^31 j Jjjiljj ujUxIjj <-a21 3*3) Jauij J ^jV) ibbl^La Aiilla 


Mammalia 


Ci\ uJul\ 
«»«♦ 

/tfiil * ia3^33 4^2La 4_m3 JJPj j*-ui3b tJaxA It. ^ * SjjaLa3I 4_uJj 31 bjbjllA3l AijUa 

.UjULua 4 j <_$ jij 





cijjxj 


Notochord 


4lJaII <> c£*2m <A£ <JJ* 
.CjULaJl 4. L*l J£ ^ < ! ^mm*ll JaaJlj 


Chordates 


^ULaJl 

«♦ ♦ 

^ LjgJa dlarn Ajjllaj AjjtSaV CjUIja* 1$j AmljaaJI Ailmall <> Aj*Ji 

^L£2 ula <_$ jlill JjaxII L)J%^ I 4 XA j-aluu J£ I^jUa J^Ija 


Lancelets 


ujUuf^ij 

jAS JjaC- (ilHaj V j CjLLaJI mlLm l^j Ajjlj&a^UI rnLLmll j-a 


Tlinicates 


O^yjill) ^LfcUil 

jAS JjaC- (illlaj V j UjLLaJl ililLua 1 $j 4jjU&3^UI ljUL^JI j-a 


Amphibians 


(JjtmLajall 

(_yi&jZi j AmLall ljULliII (jk <jmxj SjLw J^Ija IgJ ^lll Aali^II ljUI jjmll ciiljla 4^1 
(jj^im V J jail j f Loll jm Aillall Ujl jlal jmsu Ulu Ama jmi Cjl^afl Alauil jj 

.Ami 4 j ljUjj jlmll Aiaml jj <j£Jj ^amuiUml! Aixuil jj 


Reptiles 


uft^ljjll 

jlj&S ^Iajj ImJl tilUmj Aalamll ljUI jaaJI uAjI jla i^l 

.^amLuIlj uA^lutll j jmbull j ^Ilmmll IgJlajj f tail 





LAijX 


Birds 


L&J i^\ ^ AakaJl CjUljjiaJl uiljjla ^Aa/l 


Mammary glands 


«♦ ♦ 

^LuajV ^JvUl 1 "Wtt CjLuAjJI CjUI <_£ a] dAj^j-a JAP 


Monotremes 


(4AaiM / Jjlolj) dlu^l AjAUj 

J^ull (f I aI( Aik) JaJt jllla Ig^la) j Luajj ^uaj ( _ 5 Hl ljIjj Aol) £>* 


Marsupials 


(A i<-*u£JU AjuI j^1\ ljLiAjJ) 

Sj^xa AA^ja ^ aJjj ^ Sjoaj Sjoii ^ l^U^i UjbjAoJ) ^ <> ^ 

t>J 4 ci'j Lf* dAVjil Axj ^nVVI ^Aaj j AA-JaU jj£ 

JttM 


Placentals 


AaAXub4^t CjbAjil 

♦♦ ♦♦ •* 

L)1 JjS ^nVVI IgJjjijj U JAJ JaIIi ^ U jlx^aj ft 41 Vi ^lUiA^I ^ 

. (IAjjAoJI £ 1^1 fft&A JIajj 4 aIjj 



Gas Exchange 





l a * 






Mechanisms Of Gas Exchange 


JjLu £AA\ 


Three Phases Of Gas Exchange 


a jliJt JjLj Ja.1 j-. 


Breathing 


(j 


Transport Of Oxygen And Carbon Dioxide 
In Blood 




Body Tissues Take Up Oxygen And Release 
Carbon Dioxide 


j J ^ A 'wnl qoL^lIa] 


Cellular Respiration 




Requires A Continuous Supply Of Oxygen 
And The Disposal Of Carbon Dioxide 


&a j jaLma JjjJj 


Respiratory Surfaces Must Be Thin And 
Moist For Diffusion Of 0 2 And C0 2 


jUiDV Aj^JJ CjjSa o' 3 uainfl 

U jjP ±uaS\ (j^Si\ 


Earthworms 


l£jVI 


Most Animals Have Specialized Body Parts 
That Promote Gas Exchange 


CjIjULSI Jjl jj Aalaxj 


Gills 


[7** 1 4* 


Tracheal Systems In Arthropods 


CjUl^aia ^ CjU-aiii 


Tetrapods 





Gas Exchange 



£ 






ljLjjxj 



Amphibians 


(JjlojLajjdt 


Reptiles 


uWjjl' 


Mammals 




Extensions Of The Body 




Increase Surface To Volume Ratio 


(jA Jjjj 


Gas Exchange 


£*\j\*1\ Jjbj 


Ventilation 


V# 5 


Countercurrent Flow 


jLnil 


Advantages 




Higher Concentrations 




Respiratory Surfaces 




Insect Tracheal Systems 




Tiny Branching Tubes 


Ap ila AijSJ c^uUI 

♦» ♦ «*♦ 


Air Is Piped Directly To Cells 


LjiUJI yj) S^iLu, ^ 


Evolved In Shallow Water 




Diverged 




Three Major Lineages 


4-luujj 


Nonbird Reptiles 


5 ^jUait jjC tja.1 jjil 


Lower Metabolic Rates 





Gas Exchange 





l A * 






Inhaled Through 




Nasal Cavity 




Filtered By Hairs And Mucus Surfaces 


j CP Cyty 

hi alLdl 


Air Is Warmed And Moisturized 




Air Is Sampled For Odors 


J*' <> jjS 


Nasal Cavity 


uLjaSI) 


Pharynx 




Then Larynx, Past The Vocal Cords 


JUa Vb jU SjaaaJl 


Trachea 


ujLu-aill 


Cartilage Rings 




Paired Bronchi 


4ait <-HLutil 


Bronchioles 


4jul. ij^JI 


Alveoli, 




Grapelike Clusters Of Air Sacs 


<jAj£i\ (> Ajiic- 


High Surface Area Of Capillaries 


4jaaA]| CjI 4^Lula 


High Surface Area Of Alveoli 


4ait gJaj ul\ AaLula 


0 2 Diffuses Into The Blood 


?A\ J\ <^u 1L 




Gas Exchange 





a\\ l a * 






Mucus And Cilia 


J ial i a \) 


Protect The Lungs 




Damaged By Smoking 


(j t. flVn (j) 


Lung Cancer 




Heart Disease 


uaii oil ja\ 


Emphysema 




Risk Of Heart Attacks And Strokes 


liOiijJI j ufiil Jjjj 


Raises Blood Pressure 




Increases Harmful Types Of Cholesterol 


Jjjw iiKllojUill JjjUSlI g\j£l o^J*^' <>“ 

S jUill 


Accidents, Alcohol, Drug Abuse, HIV, And 
Murders Combined 


Jdal 9 djjjjaJI 4>> JjjL 

cjVbk-VI j j 


Breathing 




Alternate Inhalation And Exhalation Of 
Air (Ventilation) 


f IjfSI jA)j 


Inhalation 




Rib Cage Expands 


(jjlhol 1 (^uiL) jxojj 


Diaphragm Moves Downward 


c-jIaaJ) 


Pressure Around Lungs Decreases 





Gas Exchange 





l A * 






Air Is Drawn Into The Respiratory Tract 




Exhalation 




Rib Cage Contracts 




Diaphragm Moves Upward 




Pressure Around The Lungs Increases 


Jja kx^l\ Jbjj 


Air Is Forced Out Of The Respiratory 
Tract 


3 uainty -Jjlajj 


Automatic Control 




Breathing Control Centers 




Respond To C0 2 Levels 




Drop In Blood Ph Increases 


Jjjj o-V) oHiU 


Rate And Depth Of Breathing 




Transport Of Gases In The Human Body 


OUstl liljUUl JU 


Heart Pumps Blood To Two Regions 




Right Side Pumps Oxygen-Poor Blood To 
The Lungs 


c*uij\ yll 6S-SVI yil Jjiill <»Vt ^ 


Left Side Pumps Oxygen-Rich Blood To 
The Body 


f )>t AjL yli o«-svw j«jVl *2*11 c-i 



Gas Exchange 









uLjau 



In The Lungs, Blood Picks Up 0 2 And 
Drops Off C0 2 


^Lj Jjkj j &L 1 


In The Body Tissues, Blood Drops Off 0 2 
And Picks Up CO, 


■iLLnSt a ? ^1) 


0 2 Moves From The Alveoli Of The Lungs 
Into The Blood 




C0 2 Moves From The Blood Into The 
Alveoli Of The Lungs 


1 ft* 

C>. M l j$Jl 


Tissues Have More C02 And Less 02 Than 
In The Blood 


^ jA Ua JS) jaSI 


C02 Moves From The Tissues Into The 
Blood 




02 Moves From The Blood Into The 
Tissues 


4*uuVI yll fill <> 0#^vi 



Gas Exchange ^0^' 



£ 






iixu04]| UflUjJU 



Animals Transport 0 2 Bound To Proteins 


Jijj CjUjjoaJ) p&x* 


Respiratory Pigments 


t— ilx 


Copper- Containing Pigment 


(JjAa-IS) (jlc- A 


Mollusca 




Iron-Containing Hemoglobin 




Vertebrates 


Cjb jliill flax* 


Invertebrates 


CibjlSfcUl 


Buffers Blood 


JjUjj 


Heme Group 




CO^ In The Blood Is Transported As 




Bicarbonate Ions In The Plasma 


^ CjUjjjSjjJI ljUjj) 4_u& 



Circulation 








a\\ l A * 






Mechanisms Of Internal Transport 


jiat 


Nutrients 


AailJC' Jl JA 


Gas Exchange 


jliil JjLj 


Removal Of Wastes 




Diffusion 


jU£uVl3jl«e 


Inadequate For Large And Complex 
Bodies 


J SjJjSJl aLuaSU 4_LuulLl 4_l3l£ Cbuul 


An Internal Transport System Assists 
Diffusion By Moving Materials Between 


4 >*1! J&L jLwkuVI kA*e. Jiffl jcLuu 


Surfaces Of The Body 


n'vtt ^2JJ4 


Internal Tissues 


A^a&\ 
«♦ ♦ 


Gastrovascular Cavity 




Cnidarians And Flatworms 


\^j\ ±LLU “ Ajjui ^ 


Digestion 


\\ AjIaC- ^ 


Distribution Of Substances 




Circulatory System 






Circulation 






£ 



HxuSlaII 



JLu^uil uLjju 



Blood Vessels 


jS?! 


Open Circulatory Systems 




Arthropods 


J*jSM CjUL-aia 


Molluscs 




Open-Ended Vessels 


4a jZL* UjLlgJ ljI J AjC- jj 


Cells Directly Bathed In Blood 


S j&Ua \jy±l\ J^U 


Closed Circulatory Systems 


3j^.vi 


Vertebrates, Earthworms, Squids, 
Octopuses 


LjJaiVI ,oijV 1 


Confined To Vessels 


AjC-jS?) ^ fill J*^ii 


A Heart Pumps Blood Through Arteries To 
Capillaries 




Veins Return Blood To Heart 


sjjjSfi jjju 


Two- Chambered Heart 


L^jC’ 


Single Circuit 




Gill Capillaries 


4_L4 ijApJ! Ljj Jjjuill 



Circulation 






uljjju 



Systemic Capillaries 




Double Circulation 


d jjJ 


Separate Pulmonary & Systemic Circuits 


LoA j 


Three- Chambered Hearts 


(■ijC- lj) j 


Amphibians, Turtles, Snakes, Lizards 


,CjUjU jA\ 


Two Atria And One Undivided Ventricle 


i jaJ> jj£ ^\j ojlaj 


Permits Blood Diversion Away From 
Lungs When Diving 


jiil f UjI Aijil uiljaJL 


Some Blood From Body And Lungs Mixes 
In The Ventricle When Not Diving 


4JU ^ ^ UaHau <> f 

oajiii ^ 


Four- Chambered Hearts 


uijc- 


Crocodilians, Birds, Mammals 


j ajJail 


Two Circuits That Do Not Mix 


yiajuJI La^-Jaxj (jUaHaJ V 


Right Side Pumps Blood From Body To 
Lungs 




Higher Blood Pressure 


iasLua 


More Efficient Movement Of Blood 


Sfli£ jj^Vi ^C- Jj 



Circulation 








** a\\ l a \ 






Needed In Endothermic Animals 


ljUI ijjaJI ^ A 


The Human Cardiovascular System 


OL-SU jll yiill 


Blood Flow Through The Double 
Circulatory System Of Humans 




Mammalian Heart 


CjLuJ^t L_llS 

♦♦♦♦ ♦ 


Two Thin- Walled Atria 


j±pl AjuAj jUjjj 


Thick- Walled Ventricles 


AS aauj AilJaj 


Cardiac Output 




Amount Of Blood/Minute Pumped Into 
Systemic Circuit 




Heart Rate 


lJSII bill) Jjju. 


Heart Valves 


(-olilj CjLtbu^ 


Heart Murmur 


ulillUl 


Pacemaker (SA Node) 
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Rate Of Heart Contractions 


ufill liLaUi! <Jjsu> 


Generates Electrical Signals In Atria 




AV Node 


ajJaj Sjabl 



Circulation SjjaII 
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Relays These Signals To The Ventricles 




Heart Attack 




Damage To Cardiac Muscle 




Blocked Coronary Artery 




Stroke Death Of Brain Tissue 


gJil\ CiJA 


Atherosclerosis 


LjLaZ 


Capillaries 


Aj J jA^1\ LjI UJLuJl 

♦♦V ViT 


Thin Walls 




Narrow 


AlxJa 


Increase Surface Area For Gas And Fluid 
Exchange 


JjI cjjjUUj JjLu] Jjjj 


Arteries And Veins 




Single Layer Of Epithelial Cells 


Aoj^Ualj L£LaJl qa SjaIj AJLlLj A ihj a 


Elastic Fibers Permit Recoil After 
Stretching 


jju a»„ut Aiuii ^11 jiiijVb aLiLaJi tiuiV) 

tluJj 


Veins Have One-Way Valves That Restrict 
Backward Flow 


JtJjjl £iu J JaIj dl^jl ulj CjLaLa^a oJjjVi 

(..III 


Blood Pressure 


JaiLua 



Circulation SjjaII 
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Depends On Cardiac Output And 
Resistance Of Vessels 


AjC- jVI Ajumll Aajju j 


Systolic Pressure 




Caused By Ventricular Contraction 




Diastolic Pressure 


JaluuMt LSual! 


Low Pressure Between Contractions 




Structure And Function Of Blood 
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Plasma 




Various Inorganic Ions 


AjjjJaC- jjC- ljUjjI 


Proteins, Nutrients 




Wastes, Gases 




Hormones 


UjUj^jA 


Red Blood Cells (Erythrocytes) 
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White Blood Cells (Leukocytes) 


f LuajJl aAI) 


Anemia 


“ ? jli jia” LauVI 


Abnormally Low Amounts Of Hemoglobin 
Or Red Blood Cells 


p\ jmJI LSU. 




Circulation SjjaII 
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Causes Fatigue Due To Lack Of Oxygen In 
Tissues 


jSn Q-& 1 AiiJ a ai^aVI <— u* “** 


Erythropoietin Hormone (EPO) Regulates 
Red Blood Cell Production 


a jt ac. ^ jSLi f ^a 3 ) a! ij^d! 

f 1 ^AJl Cj) 


Some Athletes Artificially Increase Red Blood 
Cell Production By Injecting Erythropoietin 
Which Can Lead To 


Sj^aj f £tHI SaLJj O^abjil a**-! fA 

f ^aJI a^I c^i ddA j Ajc-U ^ 
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Clotting 


■kladjl 

♦ 


Stroke 


4 _iC-LaJ A -X . „ 
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Heart Failure 


*♦ ** * 

4 _i A^jj 

•♦V ♦ 


Death 


uj^ll 


When A Blood Vessel Is Damaged 


jj»a! 1 flc- ji) uaD Ajc- 


Platelets Help Trigger The Conversion Of 
Fibrinogen To Fibrin 


Jjau Aj>«aJ| AC-tuu 


Which Forms A Clot That Plugs The Leak 


uLjiil A^j AJaia. ^aJIj 


Blood-Clotting Process 


^aJI jal&j A-d a& 


Platelets Adhere To Exposed Connective 
Tissue 


jAlIa ^Lua ^auiL Ajj^aJ) 


Platelets Form A Plug 


SaIaLu Ajj^aII r^LL^il 
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Control of Body Temperature and Water Balance 

j fuiaJt 6jl 4a jJ 
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Homeostasis 


OUWl 


Maintenance Of Steady Internal Conditions 


$ jilubd AdlkU Jl ij 4 j uijjla ialiaJj ^ SjJAil 


Fluctuations 


♦ 


Thermoregulation 




Osmoregulation 




Excretion 




Nitrogen-Containing Wastes 


(jic- AjjoaaJ) UjUlxAlj 


Thermoregulation 




Internal Temperature Within A Tolerable 
Range 


(jlA (jA^a Aa&lAii ^uaJ) SjjjA 4a jJ { J^ AJ^IaaII 

AXaj 


Ectothermic 


Sji jaJi Aj^jIa 


Endothermic 


5 J jail ajilj 


Conduction 




Convection 


lSjLpJI 


Radiation 


£\ju&\ 


Evaporation 
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Control of Body Temperature and Water Balance 
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Mechanisms Of Heat Exchange 


Sjl jaJI JjUi CJJI 


Adaptations Promote Thermoregulation 


<#. jl jaJI 


Increased Metabolic Heat Production 


S jl jaJI gUj) SjLJ 


Insulation 


Jj*^ 


Circulatory Adaptations 


SjjiiL 4^alaJi ijVill 


Evaporative Cooling 




Sweating 




Panting 




Behavioral Responses 


4_a£ jluJt lj LI al 


Osmoregulation and Excretion 




Osmoconformers 


^ JjAuiVt JjSi jail cj| j ljUjISJI 


Same Internal Solute Concentration As 
Seawater 


jaall 4^Ul 4aj| ill J jSjj 


Marine Invertebrates Are Osmoconformers 
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Control of Body Temperature and Water Balance 
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Osmoregulators Control Their Solute 
Concentrations 


44441 lAJl >a JjSIjj 


Saltwater Fish 


4a 1U1I dUu^t 

♦♦ 


Land Animals 


4-ujjUil ljUI jn 


Nitrogenous Wastes 




1 -Ammonia (Nh3) 


(jjua jic) u>4 


Urea 


♦» V* 


Excretory System 




Expels Wastes 


i-'l a\-v aU Jjlaj 


Regulates Water Balance 


<,pL4l ot>VI <4*4 


Regulates Ion Balance 




Nephrons 


4ul jalj (CjU ijjiull) 


Functional Units Of The Kidneys 




Extract A Filtrate From The Blood 


^.ill QA 4a»U|) j( \Ja1\ Vu*4 


Refine The Filtrate To Produce Urine 


J>4I jLliV JL-il. Ijll 4 >41 4jiS 


Urine 


dwM 
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Ureters Drain The Kidneys 




Stored In The Urinary Bladder 


JjikJ 


Expelled Through The Urethra 


4> £jlaj 


Filtration 




Blood Pressure Forces Water And Many 
Small Solutes Into The Nephron 


SjjLaI) 4a)1a]| J) ja!\ (jA JjJxIj j f La]) ^]) Li-u a 

AaSjJ) ^ 


Reabsorption 


4/^3 1 4 V j djl&l 


Valuable Solutes Are Reclaimed From The 
Filtrate 
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Secretion 


jljaVI 


Excess H + And Toxins Are Added To The 
Filtrate 


u ^ J <> uflUiaj 


Excretion 


£t>VI 


Final Product, Urine, Is Excreted 


Jj^]) jAj ^Lgi]) £ua]) £)ja) 


Reabsorption In The Proximal And Distal 
Thbules Removes Nutrients, Salt, Water 
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pH is regulated by 


O-V) fjj 



Control of Body Temperature and Water Balance 
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High Nacl Concentration 


JjjjIS jj£jj 


Antidiuretic Hormone (ADH) 


SLCzaI) 


Regulates The Amount Of Water Excreted 
By The Kidneys 


CP (jAlaalj pjj f Uli ^IaL 


Compensating For Kidney Failure 


l$ CP 


A Dialysis Machine 




Removes Wastes From The Blood 




Solute Concentration 


4a\1a1\ 1\ja1\ jj£jj 


Excretion In Plants 


^LuJI J E t>V» 


Excretion Of Gases 




Exit 




Penetrate External Cell Surfaces 


LiUJl jjC S j^Ua jliill 


Guttation 


£UjV1 



Control of Body Temperature and Water Balance 
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Secretion 


jlA 


Hydathodes 


AoiLalj jjiul\ 


Humid Environment. 


4alajlj A±ul\ 


Terrestrial Plants 


^LiuajSfl (JjULuit 


Deamination 




Aquatic Plants 


UJI CiULull 

♦♦ ♦ 


Converted 




Salt Glands 


JJxiLi 

«* ♦ 


Halophytes 


A x^Ia J.iC- 

♦* 



Reproduction 







Angiosperms 




Sporophyte :The Diploid Generation. 




Gametophyte: The Haploid Generation. 




Pollen Grain: The Male Gametophyte. 


.jSIaJI a! -v W Aja 


Embryo Sac: The Female Gametophyte. 


.(JJ liSfl ;^nV>ty 


Endosperm: Central Cell Within The 
Embryo Sac Has Two Nuclei. 


tj JA Sj^Ij AjJi; fjJiuijiiyi 


Pollination : Transfer Of Pollen From 
Anther To Stigma. 
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Double Fertilization: One Sperm 
Fertilizes The Egg To Produce A Zygote, 
The Other Fuses With The Central Cell 
Nuclei To Produce 3 n Endosperm. 


(jj^\ fjS2 j 9 <LaJbUI ^UjV 

AaiaJl 
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Seed Dormancy: Embryo Growth And 
Development Are Suspended. 


j 


Two Cotyledons = Eudicot Seeds 


jUila 


Single Cotyledon = Monocot Seeds 





Reproduction 







Fruit: Developed Ovary. 


.JaU) J && A JAU A 


Germination 




Asexual Reproduction: One Parent 
Produces Genetically Identical Offspring. 




Hermaphroditism: One Individual With 
Male And Female Reproductive Systems. 


. Sj$aL .1*1 j JjS 


External Fertilization: Eggs And Sperm 
Are Discharged Near Each Other. 


<> 


Internal Fertilization: Sperm Is Deposited 
In Or Near The Female Reproductive 
Tract. 


jj ^ £ljj) L_iLuA*Vl 
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Gonads: Where Gametes Are Produced. 


uuAi ; J^uUaJI 


Ovaries: Contain Follicles That Nurture 
Eggs And Produce Sex Hormones. 
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Testes (Singular Testis ): Produce Sperm 
And Male Hormones. 
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Epididymis: Stores Sperm As They 
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Reproduction 







Spermatogenesis: Formation Of Sperms. 
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Oogenesis: Formation Of Ovum. 
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Menstrual Cycle 


$ jj.il! 


Menstruation 




Corpus Luteum 




Endometrium 
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Cleavage: Rapid Series Of Cell Divisions. 


.AjjI^I! djLaLujjjVj Ajuj^u Aluiiuj jA 


Gastrulation: Cells Migrate And Basic 
Body Plan Of Three Layers Is Established. 
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Chapter 1: Exploring Life 
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Chapter 2: The Chemical Basis of Life 




Chapter 3: The Molecules of Cells 




Chapter 4: The Cells 




Chapter 5: The Tissues 
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Chapter 6: Bioenergetics 




Chapter 7: Biodiversity 




Chapter 8: Nutrition 
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GENERAL BIOLOGY 1 

(Bio 110) 

Chapter 1 Exploring Life 



A 



What is Biology? 

Biology is the study of all living things 

■ Living things are called organisms 

■ Organisms include bacteria, protists, 
fungi, plants, & animals 



Biology: 

Is the scientific study of life in all its living 
forms, plants, animals and 
microorganisms, including man 

The term “Biology” derived from 

bios = life 

and 

logos = science 
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A ll Living Things Share 
Common Characteristics 

known as: 



The Characteristics of Life 



The Characteristics of Life 

1. Order (organization): 

Living organisms are organized in several levels 
of increasing complexity best described as a : 



Atoms 



Hierarchy of life levels. 
Molecules 



Cells - life starts here 



Tissues 

Organism 



Organs 



Organelles 



System 



Population Community 



Ecosystem 



Biosphere 





Organism 
Brown pelican 

Spinal cord 
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Life’s hierarchy of organization 
















Organism 



Organ system 



Organ 



Community 
Bone cells 



Ecosystem 

Macromolecule 

Biosphere 

Molecule_^-Oxygen atom 

» 



Hydrogen atoms 
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ducation 




Hierarchy of life levels. 



■ Atom 

■ Molecules - clusters of atoms 

■ Organelles - membrane-bound structures with different jobs 
inside Cells 

■ Cells - life starts here. The simplest entity that has all the 
properties of life 

■ Tissues - made of groups of similar cells that carries out a 
particular function in an organism 

■ Organs - A structure consisting of two or more tissues that 
performs specialized functions within an organism 

■ Organ systems - have specific functions; are composed of organs 
that carries out a particular function in an organism 
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Life’s hierarchy of organization 

Organism: An individual living thing that can react 
to stimuli, reproduce, grow and maintain homeostasis 

Population; All the individuals of a species only 
interbreed with each other within a specific area 

( Community: The array of organisms (different 
populations) living in a particular ecosystem 



Ecosystem: All the organisms (communities) living in 
a particular area 



B iosphere: All the environments (ecosystems) on 
Earth that support life 



The Characteristics of Life 

2. Metabolism: 

Sum of all the chemical reactions in an organism. 
Organized synthesis and break down of molecules; 
can produce energy to power life processes. 

3. Energy processing: 

Acquiring energy and transforming it to a form 
useful for the organism through metabolism 

4. Motility: 

Organisms can move themselves or their parts. 

5. Responsiveness: 

An ability to respond to environmental stimuli 



The Characteristics of Life 



6. Regulation: 

An ability to maintain an internal environment 
consistent with life (Homeostasis) Within The 
Ranges Required For Life. Stable internal conditions 
of pH, temperature, water balance, etc 

7. Development: 

Develop from simple to more complex organism. 

8. Reproduction: 

The ability to perpetuate the species, genes are 
passed from parent to offspring; genes control an 
organism’s phenotype 



The Characteristics of Life 

9. Evolution: 

Evolution is the process of change that transforms 
life. Populations change over time as they adapt to 
their environment. 

10. Adaptations: 

The innate fitness of an organism for its 
environmental condition. The environment selects 
organisms with traits that are best suited for an 
organisms environment (natural selection). The 
leopard is an excellent example of an organism 
adapted to its environment. 



Adaptations are the result of evolution 




(1) Order (2) Regulation (3) Growth and (4) Energy processing 

development 




(5) Response to the 
environment 



(6) Reproduction (7) Evolutionary adaptation 



Some important properties of life 





Some important properties of life 



All living things exhibit 
complex but ordered 
Organization, as seen in 
the highly ordered 
Structure of a sunflower 




(1) Order 




Some important properties of life 

The environment outside 
an organism (a living thing) 
frequently changes, 
but mechanisms regulate 
the organism’s internal 
environment, keeping 
it within limits that 
sustain life 




For example, a jackrabbit can adjust its body temperature by 
regulating The amount of blood flowing through its ears. When the 
rabbit’s body temperature rises, more blood flows through the vessel 
in its ears, allowing excess heat to be released to the air. 




Some important properties of life 




Growth and development 
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Information carried by genes 
the units of inheritance that 
transmit information from 
parents To offspring - 
controls the pattern 
of growth and development in 
all organisms, including the 
Nile crocodile 




Some important properties of life 




(4) Energy processing 
Metabolism 



Organisms take in energy 
and transform it in 
performing all of life’s 
activities 

For example, when this 
bear eats the fish, it will 
use the chemical energy 
stored in the fish 
to power its own activities 
and chemical reactions 
(metabolism) 

COD 




Some important properties of life 




All organisms respond 
to environmental stimuli 



For example, a Venus 
flytrap closes its trap 
in response to the 
environmental 
stimulus 

of an insect landing 
on it 
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Some important properties of life 




Organisms reproduce their 
own kind, by producing 
offspring. 

This Emperor Penguin is 
protecting its baby. 

By reproduction survival of 
the specie, not extinction, 
is achieved 




Some important properties of life 




Reproduction underlies the 
capacity of populations to 
change (evolve) over time 



For example, the appearance 
of the pygmy seahorses 
has evolved in the way 
that camouflage the animal 
in its environment 



( 22 ) 





Living organisms interact with their environments, 

exchanging matter and energy 

■ Life requires interactions between living and 
nonliving components 

- Photosynthetic organisms provide food and 
are called Producers 

- Others eat plants (or animals that profit from 
plants) and are called Consumers 

- Decomposers: Recycle all organic materials 
(Dead plants and animals) 

■ The nonliving components are chemical 
nutrients required for life 
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Living organisms interact with their environments, 

exchanging matter and energy 



■ To be successful, an ecosystem must 

accomplish two things: 

- Recycle chemicals necessary for life 

- Move energy through the ecosystem 

Energy enters as light and exits as heat 
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Sunlight 



Ecosystem 



Cycling 

of 

chemical 

Nutrients 



Producers 
such as plants 



Heat 



The cycling of 
nutrients 

and flow of energy 
in an ecosystem 



Chemical energy 



Consumers 
such as animals 



Heat 
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THE PROCESS OF SCIENCE 

Scientific Method 



<30 
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Steps in the Scientific Method 



■ Observation 

■ Hypothesis 

■ Experiment 

■ Data Collection 

■ Conclusion 




■ Retest 



Scientists use two main approaches to learn about nature 

■ Two approaches are used to understand 
natural causes for natural phenomena 

Discovery based science: 

> Results that have been found from actually having 
carried out the experiment or investigation. 

Uses verifiable observations and measurements to 
describe science. 

2. Hypothesis- based science: 

> An educated guess by a scientist of what will 
happen during an experiment or investigation. 

Uses the data from discovery science to explain 
science. This requires proposing and testing of 
hypotheses. 



Scientists use two main approaches to learn about nature 



■ There is a difference between a theory 

and a hypothesis 

- A hypothesis is a proposed explanation 
for a set of observations 

- A theory is supported by a large and 
usually growing body of evidence 



C29) 
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With hypothesis-based science, we pose and test hypotheses 



We solve everyday problems 
by using hypotheses 

- An example would be the 
reasoning we use to answer 
the question, “Why doesn’t 
the flashlight work?” 

- Using deductive reasoning 
we realize that the problem 
is either the: 

(1) bulb or (2) batteries. 

- The hypothesis must be 
testable 

- The hypothesis must be 
falsifiable 
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Observations 







Test falsifies hypothesis Test does not falsify hypothesis 
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The Process of Science 

■ Deductive reasoning: 

Draws specific conclusions based on 
information (facts) 



Inductive reasoning: 

Draws general conclusions based on specific 
(observations) 



The Scientific Method 



Steps in the Scientific Method 

■ Observation 

■ Question or problem 

■ Hypotheses 

■ Testable predictions 

■ Experiments 

■ Analyze data 



Conclusions 



An example of 
hypothesis-based science 








Test falsifies hypothesis 



Test does not falsify hypothesis 
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The Hypothesis 



■ A tentative (temporary) explanation 
for observations 

■ Consistent with facts 

■ Can be tested 

■ Tests can be repeated by others 

■ Can be rejected 



Testing Predictions by Experiment 

■ Prediction 

■ Deductive product of a hypothesis 

■ Control group 

■ Closely matches experimental group 

■ Experimental group 

■ Differs from control group in 1 variable 



With hypothesis-based science, we pose and test hypotheses 



■ Another hypothesis: 

Mimicry helps protect nonpoisonous 
king snakes from predators where 
poisonous coral snakes also live 

■ The hypothesis predicts that predators 
learn to avoid the warning coloration of 
coral snakes 
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With hypothesis-based science, we pose and test hypotheses 



■ Experimentation supports the prediction of 
the mimicry hypothesis: 

■ Nonpoisonous snakes that mimic coloration 
of coral snakes are attacked less frequently 

■ The experiment has a control group using 
brown artificial snakes for comparison 

■ The experimental group is artificial snakes 
with the red, black, and yellow ring pattern 
of king snakes 
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Eastern coral snake (poisonous) 






Scarlet king snake (nonpoisonous) 





Artificial king snake that was not attacked (left); 
artificial brown snake that was attacked by a bear 

(right) 





Artificial king snake that was not attacked 






Artificial brown snake that was attacked by a bear 
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Chapter 2 

The Chemical Basis of Life 



Introduction 



> Chemicals are the stuff that make up our 
bodies and those of other organisms. 

They make up the physical environment as 
well. 

> The ordering of atoms into molecules 
represents the lowest level of biological 

Therefore, to understand life, it is important to 
understand the basic concepts of chemistry. 



Section 1: elements, atoms, and molecules 



ELEMENTS, ATOMS, 



AND MOLECULES 



Section 1: elements, atoms, and molecules 



Living organisms are composed of about 25 chemical elements 



4 



4 



■ Chemicals are at the base level of biological 
hierarchy . 

■ They are arranged into higher and higher levels of 
structural organization. 

■ Arrangement eventually leads to formation of living 
organisms. 



Section 1: elements, atoms, and molecules 



Living organisms are composed of about 25 chemical elements 



■ Living organisms are composed of matter, which is 
anything that occupies space and has mass (weight) 

- Matter is composed of chemical elements . 

Element — a substance that cannot be broken 
down to other substance. 

- There are 92 elements in nature — only a few 
exist in a pure state. 

- Life requires 25 essential elements; some are 
called trace elements. 



Section 1: elements, atoms, and molecules 



TABLE 2.1 


ELEMENTS 


IN THE HUMAN BODY 


Element 


Symbol 


Percentage of 
Human Body Weight 


Oxygen 


0 


65.0 ' 




Carbon 


c 


18.5 




Hydrogen 


H 


9.56 


> 96.3 


Nitrogen 


N 


3.3 > 




Calcium 


Ca 


1.5 




Phosphorus 


P 


1.0 




Potassium 


K 


0.4 




Sulfur 


S 


0.3 




Sodium 


Na 


0.2 




Chlorine 


Cl 


0.2 




Magnesium 


Mg 


0.1 





Trace elements (less than 0.01%): boron (B), chromium (Cr), 
cobalt (Co), copper (Cu), fluorine (F), iodine (I), iron (Fe), 
manganese (Mn), molybdenum (Mo), selenium (Se), silicon (Si), 
tin (Sn), vanadium (V), and zinc (Zn). 
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Elements in the Human Body 




Essential Variable Elements Trace Elements 

Elements 



S H 0 P C N 

Invariably 
found in all 
living 
organisms 



Na K Ca 



Mg 



Fe Cl 



Variably found in 
living organisms 



Cu Zn Mn Se Si F I 

Found in trace 
amounts in some, 
but not all, 
organisms 



Section 1: elements, atoms, and molecules 



CONNECTION : Trace elements are common additives to 

food and water 



4 



¥ 



■ Some trace elements are required to prevent disease 



- Without iron, your body cannot transport oxygen 

- An iodine deficiency prevents production of 
thyroid hormones, resulting in goiter 
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Goiter in 

a Malaysian woman, 
a symptom of 
iodine deficiency 



CONNECTION: Trace elements are common additives to 

food and water 
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■ Several chemicals are added to food for a 
variety of reasons 

- Help preserve it 

- Make it more nutritious 

- Make it look better 



■ Check out the “Nutrition Facts” label on 
foods and drinks you purchase 
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Elements can combine to form compounds 



¥ 



■ Compound - a substance consisting of two or more 
different elements combined in a fixed ratio. 

■ There are many compounds that consist of only 
two elements. 

■ Table salt (sodium chloride or NaCl) is an example. 

■ Sodium is a metal, and chloride is a poisonous gas. 

■ However, when chemically combined, an edible 
compound emerges. 
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The emergent properties of the edible compound 

sodium chloride 




Sodium Chlorine Sodium Chloride 
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Atoms consist of protons, neutrons, and electrons 






An atom is the smallest unit of matter that still 
retains the properties of an element 

■ Atoms are made of over a hundred subatomic particles, 
but only three are important for biological compounds 

- Proton — has a single positive electrical charge 

- Electron — has a single negative electrical charge 

- Neutron — is electrically neutral 
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Electron 

cloud 



Nucleus 



6 © 
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Model of a 
carbon atom 



6e - 




Protons "i 

Mass number = 12 

Neutrons I 



Electrons 



4 



Atoms consist of protons, neutrons, and electrons 






■ Although all atoms of an element have the same 
atomic number, some differ in mass number 

- The variations are isotopes, which have the same 
numbers of protons and electrons but different 
numbers of neutrons 

- One isotope of carbon has 8 neutrons instead of 
6 (written l4 C) 

Unlike 12 C, 14 C is an unstable (radioactive) 
isotope that gives off energy 
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TABLE 2.4 



ISOTOPES OF CARBON 





Carbon-12 


Carbon-13 


Carbon-14 


Protons 


6 


6 


6 


Neutrons 


6 


7 


8 


Electrons 


6 


6 


6 
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CONNECTION: Radioactive isotopes can help or harm us 



■ Living cells cannot distinguish between isotopes of the 
same element. 

- Therefore, when radioactive compounds are used in 
metabolic processes, they act as tracers. 

- Radioactivity can be detected by instruments. 

■ With instruments, the fate of radioactive tracers can 
be monitored in living organisms. 

■ Radioactive tracers are frequently used in medical 
diagnosis. 

■ Sophisticated (advanced) imaging instruments are 
used to detect them. 
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2.5 CONNECTION: Radioactive isotopes can help or harm us 
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■ In addition to benefits, there are also dangers 
associated with using radioactive substances 

- Uncontrolled exposure can cause damage to some 
molecules in a living cell, especially DNA 

- Chemical bonds are broken by the emitted 
energy. 
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Biological Molecules 
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Water properties 



4 



■ Water has atoms with different electronegativities 

- Oxygen attracts the shared electrons more strongly 
than hydrogen 

- So, the shared electrons spend more time near 
oxygen 

- The result is a polar covalent bond 
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A water molecule 
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Water is Polar 



■ In each water molecule, the oxygen atom 
attracts more than its "fair share" of electrons 

The oxygen end “acts" negative 

The hydrogen end “acts positive 

■ Causes the water to be POLAR 

■ However, Water is neutral (equal number of e- 

and p+) — Zero Net Charge 
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Hydrogen bonds are weak bonds important in the chemistry of life 



■ Hydrogen, as part of a polar covalent bond, will share 
attractions with other electronegative atoms 

- Examples are oxygen and nitrogen 

■ Water molecules are electrically attracted to oppositely 
charged regions on neighboring molecules 

- Because the positively charged region is always a 
hydrogen atom, the bond is called a Hydrogen bond 
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Hydrogen bonds 
between 
water molecules 



-( + ) ^Hydrogen bond 




WATER’S LIFE-SUPPORTING 



PROPERTIES 
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Hydrogen bonds make liquid water cohesive 
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■ Hydrogen bonding causes molecules to stick 
together, a property called cohesion 

- Cohesion is much stronger for water than other 
liquids. 

- This is useful in plants that depend upon cohesion 
to help transport water and nutrients up the 
plant. 
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Hydrogen bonds make liquid water cohesive 
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■ Cohesion is related to surface tension — a measure 
of how difficult it is to break the surface of a liquid 

- Hydrogen bonds are responsible for surface 
tension 
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Surface tension allows a water strider to walk on water 
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Cohesion 



Water Transport in Plants 
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Ice is less dense than liquid water 



¥ 



■ Water can exist as a gas, liquid, and solid 

- Water is less dense as a solid, a property due to 
hydrogen bonding 
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Ice is less dense than liquid water 



■ When water freezes, each molecule forms a stable 
hydrogen bond with four neighbors 

- A three-dimensional crystal results 

- There is space between the water molecules 

■ Ice is less dense than water, so it floats 
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Hydrogen bonds between water molecules in ice and water 
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Water is the solvent of life 



■ Water is a versatile solvent that is fundamental to life 
processes 

- Its versatility results from its polarity 

- Table salt is an example of a solute that will go into 
solution in water 

- Sodium and chloride ions and water are 

attracted to each other because of their charges 



Section 1: elements, atoms, and molecules 




Ion in solution Salt crystal 
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Properties of Water 



J Cohesion-Attraction between particles of the same 
substance. 

J Adhesion- Attraction between two different 
substances. 

• Water will make hydrogen bonds with other surfaces 
such as glass, soil, plant tissues, and cotton. 

J Less Dense as a Solid 
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Acidic and basic conditions 



■ A few water molecules can break apart into 
ions 

- Some are hydrogen ions (H + ). 

- Some are hydroxide ions (OH - ) . 

- Both are extremely reactive. 

- A balance between the two is critical for 
chemical processes to occur in a living 
organism. 
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Acidic and basic conditions 

4 » 



■ Chemicals other than water can contribute H + to a 
solution 

- They are called acids 

- An example is hydrochloric acid (HC1) 

- This is the acid in your stomach that aids in 
digestion 

■ An acidic solution has a higher concentration of H + 
than OH - 
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Acidic and basic conditions 



¥ 



■ A pH scale (pH = potential of hydrogen) is used 
to describe whether a solution is acidic or basic 

- pH ranges from 0 (most acidic) to 14 (most basic) 

- A solution that is neither acidic or basic is neutral 
(pH = 7) 
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The pH Scale 



■ Indicates the concentration of H + ions 

■ Ranges from 0-14 

■ pH of 7 is neutral 

■ pH 0 up to 7 is acid ... H + 

■ pH above 7 - 14 is basic... OH" 
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Acids 



Strong Neutral 

Acids have 
a pH of 1-3 

Produce 
lots of 

H + ions 
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Increasingly addle 



7 

6 



— Human blood 

— Pure water 

— Milk 

— Normal 
rainfall 




5 

4 



Acid rain 
Tomato juice 




3 

2 



Lemon juice 





Stomach acid 




Bases 



■ Strong Bases 
have a pH of 
11 to 14 

■ Contain lots of 
OH'ions and 
fewer H+ ions 






cc 

_Q 

CT. 



rc 

y 



Neutral 



14 

13 

12 

11 

10 

9 

8 

7 




Oven cleaner 
Bleach . 
Ammonia solution 



‘It? 



Soap 






— Sea water 



— Human blood 
Pure water , 
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Buffers 



■ Weak acids or bases that react with strong 
acids or bases to prevent sharp, sudden 
changes in pH (neutralization). 

■ Produced naturally by the body to maintain 
homeostasis 




Weak Acid 



Weak Base 
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H 4 



H H 






Neutral solution 



OH- 

OH" 

0H_ H + OH' 
OH" OH- 
H + 



OH' 



Basic solution 




Oo 
Q c 
0.2 ^ 
<2^ 

tp 

w C 
CO o 
0) o 



I 



: <d 

: sz 
O) 

If 



+ 

X 



Oo 
(/> c 
< O 

O) c ^ 
c ci> 13 

” g 4 

S-* 

o 



c/) 

CO 

a> 

1— 

o 



— 1 



— 2 



— 3 



— 5 



NEUTRAL 

[H + ]=OH“] 

J.)Uj 



0) 

£ 

q — 12 



13 



pH scale 
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Battery acid 
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Lemon juice, gastric juice 
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Grapefruit juice, soft drink, 
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4 Tomato juice 
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Rain water jUa*i 
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Human blood, 
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The pH scale 
represents 
the relative 
concentration 
of H + and OH 
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CONNECTION: Acid precipitation and ocean acidification 

threaten the environment 



■ When we burn fossil fuels (gasoline and heating oil), 
air-polluting compounds and C0 2 are released into 
the atmosphere 

- Sulfur and nitrous oxides react with water in the 
air to form acids 

- These fall to Earth as acid precipitation, which 
is rain, snow, or fog with a pH lower than 5.6 

- Additional C0 2 in the atmosphere contributes to 
the “greenhouse” effect and alters ocean chemistry. 
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Chapter 3 
The Molecules of Cells 



ORGANIC COMPOUNDS (Molecules) 



INTRODUCTION TO ORGANIC COMPOUNDS (Molecules) 






ORGANIC COMPOUNDS (Molecules) 



<4 



► 



3.1 Life’s molecular diversity is based on the properties 
of carbon 

> Diverse molecules found in cells are composed of 
bonded to other elements 

> Carbon-based molecules are called 

> By sharing electrons, carbon can bond to four other atoms 




' h 
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> By doing so 





ORGANIC COMPOUNDS (Molecules) 



> Methane (CH 4 ) is one of the simplest organic 
compounds 

>Four covalent bonds link four hydrogen atoms to 
the carbon atom 

> Each of the four lines in the formula for Methane 




H 

H— C— H 
H 

Structural formula 






Space-filling 



Ball-and-stick model 
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Methane 



model 



The four single bonds of carbon point to the corners of a tetrahedron. 
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> Methane and other compounds composed of only 
carbon and hydrogen are called hydrocarbons 

> Carbon atoms, with attached hydrogens, can 
bond together in chains of various lengths 




ORGANIC COMPOUNDS (Molecules) 



► 



► 



3.1 Life’s molecular diversity is based on the properties 
of carbon 

> A chain of carbon atoms is called a carbon skeleton 

> arbon skeletons can be branched or unbranched 

> Therefore, different compounds with the same 
molecular formula can be produced 

ISOMERS 




a 
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H H 

1 | 


H H 

1 | 


H 


1 1 

H— C— C— H 


I 1 
H— C— C 


— C— H 


H H 


H H 


H 


Ethane 


Propane 


Carbon skeletons vary in length. 
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J — H 


H H H H 


H 
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H 


H— C— C— C— C— H 


H — C — ( 


' — C — H 


H H H H 


H H H 


Butane 


Isobutane 


Branching. Skeletons may be unbranched or branched. 


H H H H 

1 1 1 1 


H H 

1 | 


H H 


H C— C— C— C- H 


H — C — C- 


=C— C H 


H H 


H 


H 


1 -Butene 


2-Butene 


Skeletons may have double bonds, which can vary 

in location. 
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H\_/H 

H W H 

H 1 1 ''''H 

h ^l y* 

H x X H 

H x H 


H -cAc- H 

II 1 

H C C C H 

1 

H 


Cyclohexane 


Benzene 


Skeletons may be arranged in rings. 
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Variations in carbon skeletons 





ORGANIC COMPOUNDS (Molecules) 

* — ► * 

3.2 Characteristic chemical groups help determine the 
properties of organic compounds 

> An organic compound has unique properties that 
depend upon 

1. The size and shape of the molecule, and 

2. The groups of atoms (functional groups) attached 
to it. 







functional group 






mm 



8 
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ORGANIC COMPOUNDS (Molecules) 



3.2 Characteristic chemical groups help determine the 
properties of organic compounds 

> Compounds containing functional groups are 

hydrophilic 

> This means that they are soluble in water, which is a 
necessary prerequisite for their roles in water-based life 



W 




3 

Copyright © 2009 Pearson Education, Inc. 
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* 4 — — ► * 

3.2 Characteristic chemical groups help determine the 
properties of organic compounds 

> The functional groups are 

• Hydroxyl group — consists of a hydrogen bonded to an 
oxygen 

• Carbonyl group 

• Carboxyl group — consists of a carbon bonded to a 
hydroxyl group and double-bonded to an oxygen 

• Amino group 

• Phosphate group — consists of a phosphorus atom 

bonded to four oxygen atoms v 

^ W h.l- ■ 

10 

:'j i ■ — 
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3.3 Cells make a huge number of large molecules from a 
small set of small molecules 



> There are four classes of biological molecules 









rbohydrates 
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► 



► 



> The four classes of biological molecules contain very 
large molecules 

- They are often called macromolecules because of 

- They are also called polymers because they are 
made from identical building blocks strung 



together 



\ 





monomers 
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• Monomers are linked together to form polymers 
through dehydration reactions, which remove water 

• Polymers are broken apart by , the addition 

of water 



• All biological reactions of this sort are mediated by 

, which speed up chemical reactions in cells 




Dehydration reactions build a polymer chain 




Short polymer 
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Longer polymer 



Hydrolysis breaks a polymer chain 




Hydrolysis 






Copyright © £009 Pearson Education, Inc. 



ORGANIC COMPOUNDS (Molecules) 







■ 






Pari 


snajd. com 











Copyright © 2009 Pearson Education, Inc. 




ORGANIC COMPOUNDS (Molecules) 
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Monosaccharides are the simplest carbohydrates 

> Carbohydrates range from small sugar molecules 
(monomers) to large polysaccharides 

> Sugar monomers are , such as 

and 

> These can be hooked together to form the 
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> The carbon skeletons of monosaccharides vary in 
length 

- Glucose and fructose are six carbons long 

> Monosaccharides are the main fuels for cellular work 




Structures of glucose and fructose ( C 6 H 12 0 6 ) 
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Glucose 
(an aldose) 
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Fructose 
(a ketose) 
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* 4 

Cells link two single sugars to form disaccharides 

> Two monosaccharides (monomers) can bond to 
form a disaccharide in a dehydration reaction 

> An example is monomer bonding to a 

monomer to form , a common 

disaccharide 
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Disaccharide formation by a dehydration reaction 



ch 2 oh 




Glucose 
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Polysaccharides are long chains of sugar units 

> Starch is a storage polysaccharide composed of glucose 
monomers and found in plants 

> Glycogen is a storage polysaccharide composed of 
glucose, which is hydrolyzed by animals when glucose is 
needed 

> Cellulose is a polymer of glucose that forms plant cell 
walls 

> Chitin is a polysaccharide used by insects and 
crustaceans to build an exoskeleton 



plusDESlGN 
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Polysaccharides 




Starch granules in 
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LIPIDS 

(CjLia ) C it II) 




True Fats 
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Phospholipids Steroids 
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3.8 Fats are lipids that are mostly energy-storage 
molecules 

> Lipids are water insoluble (hydrophobic, or water fearing) 
compounds that are important in energy storage 

- They contain twice as much energy as a polysaccharide 

> Fats are lipids made from glycerol and fatty adds 



• A fat contains one glycerol linked to three fatty acids 






Pari s in 



Fats are often called triglycerides because of their 
structure 
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Fatty acid 



A dehydration reaction linking a 
fatty acid to glycerol 
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A fat molecule made from 
glycerol and three fatty acids 
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3.8 Fats are lipids that are mostly energy-storage 

molecules 

> Some fatty acids contain double bonds 

1. This causes kinks or bends in the carbon chain 
because the maximum number of hydrogen atoms 
cannot bond to the carbons at the double bond 

2. These compounds are called unsaturated fats 
because they have fewer than the maximum number 
of hydrogens 



3. Fats with the maximum number of hydrogens are 
called saturated fats 
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3.9 Phospholipids and steroids are important lipids with 
a variety of functions 

> Phospholipids are structurally similar to fats and are 
an important component of all cells 

1. For example, they are a major part of cell 
membranes, in which they cluster into a bilayer of 
phospholipids 

2. The are in contact with the water 

of the environment and the internal part of the cell 

3. The band in the center of th ~ 



pp bilayer 




29 
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Section of a phospholipid membrane 



Hydrophilic 

heads 



Hydrophobic 

tails 



Copyrighl © 2009 Pearson Education, Inc. 



Water 




Water 
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surface 
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3.9 Phospholipids and steroids are important lipids with 
a variety of functions 

> Steroids are lipids composed of fused ring structures 

> Cholesterol is an example of a that plays a 

significant role in the structure of the 



> In addition, cholesterol is the compound from which 
we synthesize 
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Cholesterol, a steroid 
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Male lion 
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PROTEINS 
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3.11 Proteins are essential to the structures and functions 
of life 



> A protein is a polymer built from various 
combinations of 20 amino acid monomers 

- Proteins have unique structures that are directly 
related to their functions 



- Enzymes, proteins that serve as metabolic catalysts, 
regulate the chemical reactions within cells 
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> Structural proteins provide associations between 

body parts 

> Contractile proteins are found within 

> Defensive proteins include antibodies of the 



> Signal proteins are best exemplified by the 

> Receptor proteins serve as antenna for 




> Transnort nroteins carrv 
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3.12 Proteins are made from amino acids linked by 
peptide bonds 

, the building blocks of proteins, have 

an amino group and a carboxyl group 

> covalently bonded to a central carbon atom 

- Also bonded to the central carbon is a hydrogen 
atom and some other chemical group symbolized 
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General structure of an amino acid 
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> Amino acids are classified as hydrophobic or 
hydrophilic 

- Some amino acids have a group and 

are hydrophobic 

- Others have a group and are hydrophilic, 

which means they easily dissolve in aqueous 
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Examples of amino acids with hydrophobic 
and hydrophilic R groups 




NH 
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> Amino acid monomers are linked together to 
form polymeric proteins 

■ This is accomplished by an enzyme-mediated 



dehydration reaction 



This links the (COOH) of one 

amino acid to the (NH 2 ) of the 

next amino acid. The covalent linkage resulting 

si 

is called a peptide bond 
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Peptide bond formation 



Carboxyl 

group 





Amino acid 
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Amino acid 



Dehydration 
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Peptide bond 
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3.13 A protein’s specific shape determines its function 

> A polypeptide chain contains hundreds or thousands 
of amino acids linked by peptide bonds 

1 The amino acid sequence causes the polypeptide to 
assume a particular shape 



I The shape of a protein determines its specific 



function 

g 
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3.14 A protein’s shape depends on four levels of 
structure 



> A protein can have four levels of structure 



- Primary structure 

- Secondary structure 

- Tertiary structure 

- Quaternary structure 



♦♦ 
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3.14 A protein’s shape depends on four levels of structure 

r The primary structure of a protein is its unique 
amino acid sequence 

- The correct amino acid sequence is determined by 
the cell’s genetic information 

- The slightest change in this sequence affects the 
protein’s ability to function 




Primary structure 
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> Protein secondary structure results from coiling or 

folding of the polypeptide 

- Coiling results in a helical structure called an 
alpha helix 

- Folding may lead to a structure called a pleated 
sheet 

- Coiling and folding result from hydrogen bonding 
between certain areas of the polypeptide chain 




Alpha helix Pleated sheet 

Secondary structure 
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> The overall three-dimensional shape of a protein is 
called its tertiary structure 

- Tertiary structure generally results from 
interactions between the of the various 

amino acids 



- Disulfide bridges are covalent bonds that further 
strengthen the protein’s shape 




Globular Polypeptide 
(single subunit of transthyretin) 



Tertiary structure 
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ORGANIC COMPOUNDS (Molecules) 

4 ^ 

> Two or more polypeptide chains (subunits) associate 
providing quaternary structure 

is an example of a protein with 
quaternary structure 

- Its triple helix gives great strength to connective 
tissue, bone, tendons and ligaments 




w 



Polypeptide chain (alpha helix) 





Collage is a fibrous protein with 
helical subunits interwind into a 
larger triple helix. 

This arrangement gives the long 
fibers great strength 




Triple helix 





Transthyretin, with four identical 
globular polypeptide subunits 
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Quaternary structure 



Transthyretin: 

A plasma protein consisting of that binds 

and 







o^-^'Amino acids 



bond Hydrogen 
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Secondary structure 
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Alpha helix 

Ojjk. 



Globular Polypeptide 
Tertiary structure (single subunit 
JU\$1\ jj]| of transthyretin) 
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Pleated sheet 
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Quaternary structure 
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Transthyretin, with 
four identical globular 
polypeptide subunits 

<> jjjL 
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Four Levels of Protein Structure 
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Primary structure 





ORGANIC COMPOUNDS (Molecules) 



3.13 A protein’s specific shape determines its function 

> If for some reason a protein’s shape is altered, it 
can no longer function 

will cause polypeptide chains to 
unravel and lose their shape and, thus, their 
function 

- Proteins can be denatured by changes in 
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ORGANIC COMPOUNDS (Molecules) 



3.16 Nucleic acids are information-rich polymers of 
nucleotides 

• DNA (deoxyribonucleic acid) and RNA (ribonucleic 
acid) are composed of monomers called nucleotides 

- Nucleotides have three parts 

1. A five-carbon sugar called in and 

in 



2. A phosphate group 

3. A nitrogenous base 
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Nucleotide, consisting of a phosphate group, sugar, 

and a nitrogenous base 




OH + H -H 
Short polymer Monomer 



h 2 o 

/ 

Dehydration 



Hydrolysis 

(H 2 0 




Longer polymer 
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ORGANIC COMPOUNDS (Molecules) 



► 



3.16 Nucleic acids are information-rich polymers of 
nucleotides 

> DNA nitrogenous bases are: 

> adenine (A), thymine (T), cytosine (C), and 

(G) 

> RNA also has A, C G thymine 
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(T) uracil (U) 





ORGANIC COMPOUNDS (Molecules) 



► 



3.16 Nucleic acids are information-rich polymers of 
nucleotides 

> A nucleic acid polymer is a polynucleotide. It is 
formed when the phosphate group of a nucleotide 
monomer bonds to the sugar of the next 
nucleotide 

> The result is a repeating 

with protruding nitrogenous 




bases 
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Phosphate 

Sugar 



Pari snajd.com 
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Nucleotide 



Sugar-phosphate backbone 
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ORGANIC COMPOUNDS (Molecules) 



3.16 Nucleic acids are information-rich polymers of 
nucleotides 

> Two polynucleotide strands wrap around each 
other to form a DNA 



- The two strands are associated because particular 
bases always 

- Usually A pairs with T, and C pairs with G, 
producing 



is usually a single polynucleotide strand 



Pari snajd. com 



v 




mm 



Gm 



BPPPPHWW 



Mi 



— 

Copyright © 2009 Pearson Education, Inc. 




’ plusDESlGN 



Copyrigh|©^009 



Pearson Education, Inc. 



Base pair 



DNA double helix 



ORGANIC COMPOUNDS (Molecules) 

* 4 



> A particular nucleotide sequence that can instruct 
the formation of a polypeptide is called a gene 

- Most DNA molecules consist of millions of base 
pairs and, consequently, many 

- These genes, many of which are 

, determine the structure of proteins 
and, thus, life’s structures and functions 
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Chapter 4 The Cell 




reticulum 



Smooth 
endoplasmic 
reticulum 



Mitochondrion 



Microfi lament 



Centriole 

Nucleus 



Ribosomes 



Golgi apparatus 



Lysosome 



The Cell Theory 



1) Cell Theory 

1) All organisms are composed of one or 
more cells 

2) The cell is the simplest structure that can 
perform all activities required for life 

3) All cells come from other pre-existing cells 
by cell division 



Microscopes 



> A variety of microscopes have been 
developed for a clearer view of cells and 
cellular structure 

> The most frequently used microscope is the light 
microscope (LM) — like the one used in biology 
laboratories 

> Light passes through a specimen then through glass 
lenses into the viewer’s eye 

> Specimens can be magnified up to 1,000 times the 
actual size of the specimen 
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Microscopes 



Light microscope (LM) 



Enlarges image j Eyepiece 
formed by objective 

Lens ^Ocular Lens^ 

Magnifies specimen, 
forming primary 
Image 



Objective lens 




Specime 



Condenser Lens 




Light source 
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Microscopes 



Light Micrograph (LM) of a protist, Paramecium. 
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Microscopes reveal the world of the cell 



> Biologists often use a very powerful microscope called 
the electron microscope (EM) to view the ultrastructure 
of cells 

> It can resolve biological structures as small as 2 
nanometers (nm) and can magnify up to 100,000 
times 

> Instead of light, the EM uses a beam of electrons 



Microscopes 



Scanning Electron Micrograph (SEM) 

of Paramecium. 
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Microscopes 



Transmission Electron Micrograph (TEM) 

of Paramecium 
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Most cells are microscopic 



4 - 



❖ The surface area of a cell is important for carrying 
out the cell’s functions, such as acquiring adequate 
nutrients and oxygen 

❖ A small cell has more surface area relative to its 
cell volume and is more efficient 



Number of Cells 



Organisms may be: 



1 ) Unicellular - composed of one cell 



like bacteria 



2) f Multicellular 4 composed of many cells 



that may organize 
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Type of Cells 



There are two major types of cells 



1. Prokaryotic cells 



include bacteria & lack a 
nucleus or membrane-bound structures called 
organelles 



2. Eukaryotic cells J include most other cells & have 
a nucleus and membrane-bound organelles (plants, 
fungi, & animals) 
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Cells are the structural and functional units of life 

prokaryotic cells 

1) Genetic material is not surrounded by a nuclear 
membrane 

2) Simple and small 

3) No membrane-bound organelles 

4) Single celled organisms. 

5) Bacteria and Archaea 

Eukaryotic cells 

1) Genetic material is surrounded by a nuclear membrane 

2) Possess organelles surrounded by membranes 

3) Plants, animals, and fungi are eukaryotic 
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Prokaryotic cell 




and 



Contrasting the size 
complexity of 
prokaryotic 
and eukaryotic cells 




Nucleus 
(contains DNA surrounded 
by nuclear membrane) 



Organelles 
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Eukaryotic cell 
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Prokaryotic cells are structurally simpler than 

eukaryotic cells 

◄ = 



Bacteria and Archaea have prokaryotic cells 

All other forms of life have eukaryotic cells 

❖ Both prokaryotic and eukaryotic cells have a 
plasma membrane and one or more chromosomes 
and ribosomes 

♦> Eukaryotic cells have a membrane-bound nucleus 
and a number of other organelles, whereas 
prokaryotes have a nucleoid and no true 
organelles 
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Eukaryotic Cell 




Contains 3 basic cell structures: 

1) Nucleus 

2) Cell Membrane 

3) Cytoplasm with 
organelles 



Organelles 



1) Very small Microscopic 

2) Perform various functions for a cell 

3) Found in the cytoplasm 

4) May or may not be membrane-bound 
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Organelles Found in Cells 



Examples of Organelles include : 

1) Endoplasmic reticulum (rough & smooth) Function 
in Synthesis of cell products & Transport 

2) Golgi Bodies: wrap & export proteins 

3) Nucleolus: makes ribosomes 

4) Lysosomes: digest & get rid of wastes 

5) Ribosomes: make proteins 
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Eukaryotic cells 






There are four life processes in eukaryotic cells that 
depend upon structures and organelles 

1) Manufacturing 

2) Breakdown of molecules 

3) Energy processing 

4) Structural support, movement, and 
communication 
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Similarities between plant cells and 

animal cells 
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Animal Cell 









Differences between plant cells and animal cells 



Although there are many similarities between animal 

and plant cells, differences exist 



Animal cells 

Relatively smaller in size 

Lysosomes and 
centrioles are found 
in animal cells 

No cell wall, 

No chloroplasts 



Plant cells 

Relatively larger in size 

Lysosomes and centrioles 
are not found in plant 
cells 

Cell wall and chloroplasts 

present 
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Differences between Plant Cells and 

Animal Cells 



Animal cells 


Plant cells 


Vacuole small or 
absent 


Large central 
vacuole 


Glycogen as food 
storage 


Starch as food 
storage 


Nucleus at the center 
of the cell 


Nucleus near cell 
wall 
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An animal cell 



NUCLEUS/ 



Smooth endoplasmic 
Reticulum 



Nuclear envelope \ 

. Chromosomes 
^CNucleolus 
\ Nuclear pore 

Nuclear sap 



Microfilamen 



Rough 

endoplasmi 

Reticulum 



Lysosome 

Centriol 
Peroxisome 

CYTOSKELETON 

icrotubule 

Intermediate 
filament 



Ribosomes 

Golgi 
Apparatus 

Plasma membrane 

Mitochondrion 
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Microtubule 



Microfilament 



NUCL 



Rough 

Endoplasmic Reticulum 



Ribosomes 



Chloroplast 
Cell wall 
Plasmodesmata 



Mitochondrion 

Peroxisome 

Plasma membrane 

Cell wall of adjacent cell 



Smooth endoplasmic 
Reticulum 

CYTOSKELETON 



Nuclear envelope 



Chromosomes 

Nucleolus 
Nuclear pore 

Nuclear sap 



Golgi Apparatus 



Central vacuole 



Intermediate 

filament 



A plant cell 



Copyright 2009 Pearson Education, Inc 



23 




Cell Structures 

1. Plasma membrane 

2. Cytoplasm 

3. Nucleus 

4. Ribosomes 

5. Endoplasmic Reticulum - ER 

6. Golgi apparatus 

7. Lysosomes 

8. Vacuoles 

9. Endomembrane System 

10. Mitochondria 

11. Chloroplasts 

12. Cytoskeleton 

13. Cilia and flagella 

14. Extracellular matrix (ECM) 

15. Cell junctions 



The structure of plasma membranes 



<4 



► 



The plasma membrane controls the movement of 
molecules into and out of the cell, a trait called 



Selective Permeability 



The structure of the membrane with its component 
molecules is responsible for this characteristic 



Membranes are made of lipids, proteins, and some 
carbohydrates, but the most abundant lipids are 
phospholipids 
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♦> ♦> ♦> 



Phospholipids 



Heads contain glycerol & phosphate 
and are hydrophilic (attract water) 

Tails are made of fatty acids and are 
hydrophobic (repel water) 

Make up a bilayer where tails 
point inward toward each other 

Can move laterally to allow small 
molecules (0 2 , C0 2 , & H 2 0 to enter) 




Cytoplasm of a Cell 



cytoplasm 



• Jelly-like substance 
enclosed by cell 
membrane 

• Provides a medium for 
chemical reactions to take 
place 

• Contains organelles to 
carry out specific jobs 

• Found in ALL cells 
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♦> ♦> ♦> 



The Control Organelle (The Nucleus) 




Controls the normal activities of the cell 

Contains the DNA in chromosomes 

Bounded by a nuclear envelope (membrane) with 
pores 

Usually the largest organelle 



Nucleus 
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Ribosomes 



Made of Proteins and rRNA 



Ribosomes are synthesized in the nucleolus, which is 
found in the nucleus 

Protein factories” for cell 



Join amino acids to make proteins, Process called 
protein synthesis 



Cells that synthesize large amounts of protein have 
a large number of ribosomes 
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Ribosomes 



Rough Endoplasmic Reticulum 




Figure 1 



Ribosomes 




Can be attached to 
endoplasmic reticulum ER 
& makes proteins to 
export 

OR 

Be free (unattached) in 
the cytoplasm & makes 
proteins USED In the 
cell 
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Cytoplasm 




Endoplasmic reticulum (ER) 

Free ribosomes 
Bound ribosomes 



rge subunit 



TEM showing ER 
and ribosomes 



Diagram of 
a ribosome 



Small subunit 
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Ribosomes 
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Endoplasmic Reticulum * ER 

◄ ► 



❖ 

❖ 



❖ 




Network of hollow membrane tubules 
Connect to nuclear envelope & cell membrane 
Function in Synthesis of cell products & 
Transport 
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The endoplasmic reticulum 



► 



Smooth & Rough Endoplasmic Reticulum 



There are two kinds of 
endoplasmic reticulum - smooth 
and rough 

Smooth ER lacks ribosomes 

Rough ER has ribosomes on its 
surface 




Nudeai 

envelope 



Smooth ER 



Ribosomes 
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Smooth ER 



Roush ER 
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Nuclear 

Envelope 



Ribosomes 




Smooth and rough endoplasmic reticulum 
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The Smooth Endoplasmic Reticulum SER 



♦♦♦Smooth ER is involved in a variety of diverse 
metabolic processes 

>For example, enzymes of the smooth ER are 
involved in the synthesis of 

^ Lipids 

> Oils 

> Phospholipids 

> Steroids and destroys toxic substances 
(liver) 
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The Rough Endoplasmic Reticulum RER 

Rough ER makes additional membrane for itself and 
proteins destined for secretion 

Once proteins are synthesized by ribosomes attached 
to ER, they are modified in the ER lumen then 
transported in vesicles to other parts of the 
endomembrane system 




Synthesis and packaging of a secretory protein by the rough ER 6 




♦> ♦> ♦> 



The Golgi apparatus 



► 



The Golgi apparatus is Stacks of flattened sacs 
Functions in conjunction with the ER 

Receive & modify proteins made by ER 

• Products travel in transport vesicles from the ER 
to the Golgi apparatus 

• Products are modified as they go from one side of 
the Golgi apparatus to the other and travel in 
vesicles to other sites 
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The Golgi apparatus 




“Receiving” side of 
Golgi apparatus 



Transport 
vesicle 
from ER 



Transport vesicle 
From the Golgi 



New vesicle 
Forming 



“Shipping” side 
of Golgi apparatus 



Golgi apparatus 
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Lysosomes 



► 



>A lysosome is a membranous sac; 

> Contains digestive enzymes 

> Breaks down food, bacteria, and worn 
out cell parts 

> Breaks down and recycles cell parts 
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Lysosomes are digestive compartments 



◄ ► 

> The enzymes and membrane are produced by the 
ER and transferred to the Golgi apparatus for 
processing 

> The membrane serves to safely isolate these potent 
enzymes from the rest of the cell 

> One of the several functions of lysosomes is to 
remove or recycle damaged parts of a cell 

■ The damaged organelle is first enclosed in a 
membrane vesicle 

■ Then a lysosome fuses with the vesicle, 
dismantling its contents and breaking down the 
damaged organelle 
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Digestive 




^ Enzymes 




Lysosome 




Plasma membrane 




/ J 


Digestion 


— , Food vacuole 
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Lysosome fusing with a food vacuole and digesting food 
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Lysosome fusing with vesicle containing damaged 
organelle and digesting and recycling its contents 
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Vacuoles 



► 



■ Vacuoles are membranous sacs that are found 
in a variety of cells and possess an assortment 
of functions 

• Examples are the central vacuole in plants 
with hydrolytic functions 

• Pigment vacuoles in plants to provide color 
to flowers 

• Contractile vacuoles in some protists to 
expel water from the cell 
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Central vacuole in a plant cell 




44 







Endomembrane System 



The membranes within an Eukaryotic cell are 
physically connected directly or indirectly and 
compose the endomembrane system 

The endomembrane system includes 

1. The nuclear membrane (envelope), 

2. Endoplasmic reticulum (ER), 

3. Golgi apparatus, 

4. Lysosomes 

5. Vacuoles, and 

6. The plasma membrane 
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Endomembrane System 



◄ 

The following figure summarizes the relationships among the 

major organelles of the endomembrane system 




Connections among the organelles of the endomembrane system 
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Mitochondria 



> “Powerhouse” of the cell 

^ Generate cellular energy 

(adenosine triphosphate) (ATP) 

^ More active cells like muscle 
cells have more mitochondria 

r Both plants & animal cells have 
mitochondria 

^ Site of cellular respiration 
(burning glucose) 
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Mitochondria 



<4 




Mitochondria Inner Structure 



Inner 

Membrane 



Outer 

Membrane 



,nter « rm » 



Matrix 



Surr ound ed by a 
DOUBLE 
membrane 

Has its own DNA 

Folded inner membrane 
called cristae (increases 
surface area for more 
chemical Reactions) 

Interior called matrix 
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Mitochondria harvest chemical energy from food 



■ Cellular respiration is accomplished in the 

mitochondria of eukaryotic cells 

— Cellular respiration involves conversion of 
chemical energy in foods to chemical energy 
stored in ATP (adenosine triphosphate) 

— Mitochondria have two internal 
compartments 

— The intermembrane space, which encloses 
the mitochondrial matrix where materials 
necessary for ATP generation are found 
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♦> 



Chloroplasts 



<4 



► 



Found only in producers (organisms 
containing chlorophyll) like plants 

Producers use energy from sunlight to 
make their own food (Glucose) 

Energy from sun stored in the Chemical 
Bonds of Sugars 
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Chloroplasts 



Surrounded by DOUBLE membrane 



OUTER & INNER membrane 

Thylakoids in Stacks Called & 

interconnected 

STROMA - are gel-like material 
surrounding thylakoids 
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Chloroplasts 



<4 



Contains its own DNA 

Contains enzymes & pigments for 
Photosynthesis 

Never found in animal or bacterial cells 
Photosynthesis - food making process 
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Chloroplast 



Stroma 

er and outer 
Membranes 



Thylakoids 



Intermembrane 

Space 



The chloroplast 
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INTERNAL AND EXTERNAL 

SUPPORT: 

THE CYTOSKELETON AND 

CELL SURFACES 
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Cytoskeleton 



♦♦♦ Cells contain a network of 
protein fibers, called the 
cytoskeleton, that functions in 

[ Helps cell maintain cell 
shape 

1 Also, helps move organelles 
around 
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The cell’s internal skeleton 



■ The cytoskeleton is composed of three kinds of fibers 



- Microfilaments (act in filaments) support the ce l’s 
shape and are involved in motility made of 
ACTIN 



- Intermediate filaments reinforce cell shape and 
anchor organelles 



- Microtubules (made of TUBULIN) shape the cell 
and act as tracks for motor protein 
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The cell’s internal skeleton 



Motility and cellular regulation result when the 
cytoskeleton interacts with proteins called motor proteins 



Diagram 



EM 

micrograph 




Vesicle 




Receptor for 
motor protein 



i 

Motor protein Microtubule of 



(ATP powered) cytoskeleton 
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Motor proteins and the cytoskeleton 
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Cilia and flagella 



Cilia and flagella are important in locomotion, 

Some cells of multicellular organisms have them 
for different reasons 

Cells that sweep mucus out of our trachea have 
cilia 

Animal sperm are flagellated 

Flagella and cilia are composed of microtubules 

They move when microtubules bend 
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Cilia on cells lining 
the respiratory tract 



Flagellum 
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Undulating flagellum 
on a sperm cell 
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♦> 



Cilia and flagella move when microtubules bend 



Although differences exist, flagella and cilia have a 
common structure and mechanism of movement, 
except that Cilia are short and flagella are longer 
and fewer 
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The extracellular matrix of animal cells functions in 

support, movement, and regulation 

◄ 



Cells synthesize and secrete the extracellular matrix 
(ECM) that is essential to cell function 

> The ECM is composed of strong fibers of collagen, 
which holds cells together and protects the plasma 
membrane 

> ECM attaches through connecting proteins that 
bind to membrane proteins called integrins 

> Integrins span the plasma membrane and connect 
to microfilaments of the cytoskeleton 
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Cell junctions of animal tissues 



◄ ► 

> Adjacent cells communicate, interact, and adhere 
through specialized junctions between them 

❖Tight junctions prevent leakage of 
extracellular fluid across a layer of epithelial 
cells 

❖Anchoring junctions fasten cells together into 
sheets 

❖Gap junctions are channels that allow 
molecules to flow between cells 
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Glycoprotein 
complex with long 
Polysaccharide 



Collagen fiber 



Connecting 

glycoprotein 



Integrin 



Plasma 

Membrane 



Microfilaments 
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■Tight junctions 



Anchoring junction 



Gap junctions 



Plasma membranes 
of adjacent cells 



Extracellular matrix 
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ANIMAL TISSUES 
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Tissue 



◄ 



► 



• A group of similarly specialized cells 



Associated to perform one or more 

functions 



Cellular level 
Muscle cell 



An example of structural hierarchy in a pelican 





A 



Cellular level 
Muscle cell 




B 

Tissue level 
Muscle tissue 



An example of structural hierarchy in a pelican 
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Cellular level 
Muscle cell 



Tissue level 
Muscle tissue 







Organ level 
Heart 



An example of structural hierarchy in a pelican 
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Cellular level 
Muscle cell 



Tissue level 
Muscle tissue 





Organ level 
Heart 



An example of structural hierarchy in a pelican 
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Cellular level 
Muscle cell 



B 

Tissue level 
Muscle tissue 



Organ level 
Heart 



Organism level 
Many organ systems functioning together 



Organ system level 
Circulatory system 





Structure f its function 



◄ 



► 



Animals consist of a hierarchy of levels of 

organization 



Structure fits function at all levels of 
organization in the animal body 
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Tissues are groups of cells with a common structure 

and function 

◄ ► 

■ Animals have four main categories of tissues 

1) Epithelial tissue 

2) Connective tissue 

3) Muscle tissue 

4) Nervous tissue 
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1. Epithelial Tissue (Epithelium) 



◄ 



► 



• A continuous layer (sheet) of cells 
— covering a body surface 

— lining a body organs and cavity 

• Functions in protection, absorption, 
secretion, or sensation 



11 






Underlying Tissue Cell nuclei 



B Simple cuboidal epithelium 
(kidney ) 



C Simple columnar epithelium 
(intestine ) 



E Stratified squamous epitheliu 
(esophagus) 



Basal 



Apical surface of 
epithelium 



\ Simple squamous epithelium 



D Pseudostratified 
ciliated columnar 
Epithelium 

(respiratory tract) 



Types of epithelial tissue 
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Epithelial tissue covers the body and lines its 

organs and cavities 

◄ — » 




• Stratified epithelial cells 
are stacked on top of 
each other 



Types of epithelial tissue; 
Stratified squamus 
epithelium 

(lining the esophagus) 
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Connective Tissues 



◄ 



► 



• Cells embedded in intercellular substance 

— Microscopic collagen fibers, elastic fibers, 
reticular fibers (thin branched fibers) 

— Scattered through a matrix (thin gel of 
polysaccharides) 
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Connective tissue 



< > 

• Connective tissue can be grouped into six major 
types 

1. Loose connective tissue (under the skin) 

2. Fibrous connective tissue (forming a tendon ) 

3. Adipose tissue 

4. Cartilage (at the end of a bone 

5. Bone - Bone-Forming Cells 

6. Blood 
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Fat droplets 



Cartilage- 
Forming cells 



C Adipose tissue 



Matrix 



Cell nucleus 



D Cartilage 

(at the end of a bone) 



Central 

Canal 



Collagen fibers 



Matrix 



White blood 
Cells I 



B Fibrous connective 
tissue 

(forming a tendon ) 

Collagen fiber 



Red blood 
cell " 



Elastic fibers 



Bone-Forming Cells 



Plasma 



A Loose connective tissue 



(under the skin) 



F Blood 
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Types of connective tissue 



Muscle tissues; function in movement 



◄ 



► 




Skeletal muscle causes voluntary 
movements. Striated and under voluntary 
control, move parts of the body 




B. Smooth muscle moves walls of internal 
organs, such as the intestines. No 
striations, contractions involuntary 




C. Cardiac muscle pumps blood. Striated, 
contractions are involuntary. Muscle 
contracts, heart pumps blood 







C Smooth muscle 
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The three types of muscle 
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Nervous tissue (Neuron cells) 



4 ► 

• Neurons 

- Carry signals by conducting electrical 
impulses 

- Elongated cells 

- Receives and transmits information 

• Synapse 

- A junction between neurons 
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Organs are made up of tissues 



◄ — ► 

• Each tissue performs specific functions 

• The heart has epithelial, connective, and 
nervous tissues 

- Epithelia line the heart chambers 

- Connective tissues make the heart elastic 

- Neurons regulate contractions 
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Small intestine 




Tissue layers of the 
small intestine wall 



Lumen 



Epithelial tissue 
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Connective tissue 
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Connective tissue 



Lumen 



Copyright 
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PLANT TISSUES 



Three tissue systems make up the plant body 



1. Dermal tissue 

> Layer of tightly packed cells called the 
epidermis 

> First line of defense against damage and 
infection 

> Waxy layer called cuticle, lies on the top of 
epidermis, and reduces water loss. 
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2. Vascular tissue 

- Support and long-distance transport 

- Composed of xylem and phloem 

- Arranged in bundles 

3. Ground tissue 

- The bulk of the plant body 

- Food production, storage & support 

- Lies between dermal and vascular tissue 

- In Eudicot stem ground tissue is divided into 
pith and cortex 

- Leaf ground tissue is called mesophyll 
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Vascular 
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Vascular 
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Epidermis 



Epidermis 



Monocot stem 



Cortex 

Endodermis 



Eudicot root 
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Eudicot leaf 



Phloem 



Xylem 



Eudicot stem 



The three plant 
tissue systems 



Dermal tissue system 
Ground tissue system 
Vascular tissue system 



Vascular 

cylinder 



Guard 

Cells 



Cuticle 



Veinl 
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Plant cells and tissues are diverse in 

structure and function 



◄ 



► 



• Plant cell wall 

■ Some plant cell walls have two layers 

- Primary cell wall — outermost layer 

- Secondary cell wall — tough layer inside 
primary wall 

■ A sticky layer called the middle lamella lies 
between adjacent plant cells 

■ Openings in cell walls called plasmodesmata 
allow cells to communicate and exchange 
materials easily 
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The structure of a plant cell 



27 





Plant Tissue Systems 



◄ 



► 



1. Ground Tissue System consists of 3 tissues, 

❖ Parenchyma tissue 

❖ Collenchyma tissue 

❖ Sclerenchyma tissue 

2. Vascular Tissue System consists of 2 tissues 

❖ Xylem tissue 

❖ Phloem tissue 
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Plant cells and tissues 



◄ 



► 



• Plant cell structure is related to function 

• There are five major types of plant cells 

1- Parenchyma cells making parenchyma tissue. 
Function in photosynthesis, food and water storage 

2- Collenchyma cells making collenchyma tissue. 
Provide flexible support 

3- Sclerenchyma cells making sclerenchyma tissue. 
Provide rigid support. 

4- Water-conducting cells making xylem tissue. 

5- Food-conducting cells making phloem tissue. 
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Plant Merlstematlc tissues 



- They are located at the tips of roots and 
stems, between the water- and food- 
conducting tissues of stems, and at various 
other places in plant bodies. 

- capable of producing new cells by cell- 
division. 

- Source of differentiation: they give rise to all 
other kinds of tissues 
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Plant Merlstematlc tissues 



◄ 



► 




Microscopic photographs of the meristematic cells in 
the tip of onion roots showing cell division (Arrows) 
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Chapter 6 

BIOENERGETICS 



Transport across membranes 



MEMBRANE STRUCTURE 
AND FUNCTI ON 
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Membranes are a fluid mosaic of phospholipids and proteins 



■ Membranes are composed of 
phospholipids bilayer and proteins 

■ Many phospholipids are made from 
unsaturated fatty acids that have kinks 
in their tails that keep the membrane fluid 
phospholipid Contains 2 fatty acid chains 
that are nonpolar 

■ Are nonpolar and Head is polar & contains 
a -P04 group & glycerol 
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Membranes are a fluid mosaic oi phospholipids and proteins 



Membranes are commonly described as a fluid 
mosaic 

FLUID- because individual phospholipids and proteins 
can move side-to-side within the layer, like it’s a 
liquid. 

The fluidity of the membrane is aided by cholesterol 
wedged into the bilayer to help keep it liquid at lower 
temperatures. 

MOSAIC- because of the pattern produced by the 
scattered protein molecules embedded in the 
phospholipids when the membrane is viewed from 
above. 



Kink 



Hydrophilic 

head 




Hydrophobic 

tail 



Phospholipid- 

Bilayer 
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Hydrophobic 
regions 
of protein 



Hydrophilic 
regions of 
protein 



Phospholipid bilayer 




The fluid mosaic model 


(cross section) 




for membranes 






Functions of Plasma Membrane 



Many membrane proteins function as 

■ Enzymatic activity 

■ Transport 

■ Bind cells together (junctions) 

■ Protective barrier 

■ Regulate transport in & out of cell (selectively 
permeable) 

■ Allow cell recognition 

■ Signal transduction 
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Enzymes 




A U O 



Copyright © 2009 Pearson Education, Inc. 



Enzyme activity 



Messenger molecule 




Signal transduction 





Membranes are a fluid mosaic of phospholipids and proteins 




allow some substances to cross or be 



transported more easily than others, they exhibit selective 
permeability. 



Nonpolar hydrophobic molecules, Materials that are soluble 
in lipids can pass through the cell membrane easily. 



■ Small molecules e.g. 0 2 , 
C0 2 , H 2 0 move through 
easily. 

■ Ions , Polar hydrophilic 
molecules larger than water 
(glucose, other sugars and 
amino acids) do not cross 
easily on their own. 




Polar, 

hydrophilic 

"head" 



Nonpolar, 
hydrophobic, 
fatty acid "tails" 



Polar, 

hydrophilic 

"head" 
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Aqueous environment 





Types of Transport 
Across Cell Membranes 







Passive transport 



Diffusion 



Facilitated 
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concentration 
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High 

Concentration 



C du t su is'ii i j ou Grudifii 



Passive 

Transport 



From a region of 
higher to lower 
concentration 




Active Transport 
(against 
concentration 
gradient) 



Low 
Concentration 



Transport 






Passive transport is diffusion across a membrane with no energy 

investment 



■ Diffusion Net movement of substance down its 
concentration gradient 

■ from region of greater concentration 

■ to region of lower concentration 

■ Does not use direct metabolic energy 

■ Is a process in which particles spread out evenly in 
an available space 
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Passive transport is diffusion across a membrane with no energy 

investment 



- This means that particles diffuse down their 
concentration gradient, molecules move because 
they have a natural KINETIC ENERGY 

- Eventually, the particles reach equilibrium where 
the concentration of particles is the same 
throughout 



Passive transport is diffusion across a membrane with no energy 

investment 



Passive transport 

Diffusion across a cell membrane does not require energy, so it 
is called passive transport 

- The concentration gradient itself represents potential energy 
for diffusion 

- Passive transport could be: 

1) Simple diffusion: Example: Oxygen or water diffusing into a 
cell and carbon dioxide diffusing out. 

2) Facilitated diffusion: Uses transport proteins to move high 
to low concentration 

Examples: Glucose or amino acids moving from blood into 
a cell 



OOq 



Passive transport (simple diffusion) 



Molecules 
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Membrane 
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Passive transport of two types of molecules 







Passive transport Facilitated diffusion 




Transport protein providing a channel for the 
diffusion of a specific solute across a membrane 



Active transport 



Active Transport 




Molecules again move 
through a transport 
protein, but now energy 
must be expended to 
move them against their 
concentration gradient. 



❖ Requires energy or ATP 

❖Moves solute from LOW to 
HIGH concentration AGAINST 
concentration gradient. 

❖The mechanism alters the shape 
of the membrane protein 
through phosphorylation using 
ATP. 
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Moving the “Big Stuff* 

Exocytosis and endocytosis transport large molecules across membranes 



■ A cell uses two mechanisms for moving large 
molecules across membranes 

- Exocytosis is used to export bulky molecules, such 
as proteins or polysaccharides 

- Endocytosis is used to import substances useful to 
the livelihood of the cell 

■ In both cases, material to be transported is packaged 
within a vesicle that fuses with the membrane 
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Exocytosis and endocytosis transport large molecules across membranes 



■ There are three kinds of endocytosis 

1. Phagocytosis is the engulfment of a particle by 
wrapping cell membrane around it, forming a 
vacuole 

2. Pinocytosis is the same thing except that fluids are 
taken into small vesicles 

3. Receptor-mediated endocytosis is where receptors 
in a receptor-coated pit interact with a specific 
protein, initiating formation of a vesicle 



Copyright © 2009 Pearson Education, Inc. 



(22) 



Three kinds of endocytosis 
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Phagocytosis 



Pinocytosis 
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( 23 ) 



Material bound to receptor proteins 




Osmosis: Osmosis is the diffusion of water across a 
membrane 

■ Osmosis will move water across a membrane down 
its concentration gradient until the concentration 
of solute is equal on both sides of the membrane 
(equilibrium). 

■ Moves from IIGH water potential (low solute) to 
LOW water potential (high solute) 



Osmosis, 
the diffusion of 
water across 
a membrane 
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Aquaporins 



Water Channels 



■ Protein pores used during OSMOSIS 




WATER 

MOLECULES 




Water balance between cells and their surroundings is crucial to 

organisms 



■ Tonicity is a term that describes the ability of a 
solution to cause a cell to gain or lose water 

- Tonicity is dependent on the concentration of a 
non-penetrating solute on both sides of the 
membrane 

- Isotonic indicates that the concentration of a 
solute is the same on both sides 

- Hypertonic indicates that the concentration 
of solute is higher outside the cell 

- Hypotonic indicates a higher concentration 
of solute inside the cell 
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Cell in Isotonic Solution 



10% NaCL 
90% H 2 0 



ENVIRONMENT 




NO NET 
MOVEMENT 



What is the direction of water movement? 
The cell is at equilibrium . 



Cell in Hypotonic Solution 



10% NaCL ENVIRONMENT 

90% H 2 0 




What is the direction of water movement? 




Cell in Hypertonic Solution 



15% NaCL ENVIRONMENT 

85% H 2 0 




What is the direction of water movement? 
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How animal and plant cells behave in different solutions 







ENERGY AND THE CELL 
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Cells transform energy as they perform work 



■ Cells are small units, a chemical factory, housing 
thousands of chemical reactions 

- The result of reactions is maintenance of the cell, 
manufacture of cellular parts and replication 

■ Energy is the capacity to do work and cause change 

> There are two kinds of energy 

A. Kinetic energy is the energy of motion, teat 
and light energy are examples 

B. Potential energy is energy that an object 
possesses as a result of its position , includes 
energy stored in chemical bonds 
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Kinetic energy, 
the energy of motion 




Potential energy, 
stored energy as 
a result of location 
or structure 




Potential energy being 
converted to kinetic 
energy 




